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EXECUTIVE SUMMARY

This report prepared by EA Engineering, Science, and Technology, Inc. (EA) of Miami Lakes,
FL, describes activities undertaken during the implementation of the Lake Okeechobee Pilot
Dredging Project sponsored by the South Florida Water Management District (District). It
includes results and observations from pilot dredging conducted in Lake Okeechobee during
May 2002 using an innovative dredge head based on EA’s patented SEDCUT® Sediment
Removal Technology. Conceptual approach and recommendations for conducting commercial
scale dredging in larger areas of the lake are also included.

The primary objective of the pilot dredging project was to demonstrate effectiveness of an
innovative sediment dredging technology in removing the phosphorus laden mud sediment layer
from the bottom of Lake Okeechobee, and doing so with a minimal contribution to turbidity in
the inlake water column. The SEDCUT® technol ogy was specially developed to achieve this
goal and field testing was conducted in Lake Okeechobee to determine efficacy of the specialy
manufactured innovative dredge head.

Results indicate that SEDCUT® technol ogy was very successful in achieving the goals of the
project. Using a6 in[15 cm] mouth opening and travel rate of 40 fpm [12 m/min], the
SEDCUT® dredge head successfully removed a dredge slurry containing 65% target mud and
35% dilution water.

Review of the turbidity data did not indicate any significant increase in water column suspended
solid levels that could be directly attributed to the operation of the dredge head. The lake waters
are characterized by naturally high turbidity levels and no distinct turbidity plume was observed
during the field demonstration. Results of in-lake water quality monitoring indicated no
significant difference in water quality between samples collected upstream and downstream of
the dredging area, as compared to the samples collected within the active dredging zone. This

shows that the operation of the SEDCUTP unit did not adversely impact in-lake water quality.

In short, the SEDCUT® technol ogy is suitable for conducting dredging under conditions typical
of the Lake Okeechobee sediment bed for the following proven reasons:

1. It successfully and efficiently removes the targeted mud layer with minimal resuspension of
solids.
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2. It minimizes the amount of dilution water that is produced during dredging thereby reducing
treatment and handling costs.

3. It can be used in shalow waters.

4. It can be scaled up for use in the larger areas of the lake where the sediments are known to be
concentrated.

5. Even though the approach is innovative, the technology is very cost-effective since the
dredge head is assembled using mostly off-the-shelf products.

E.1 PROJECT BACKGROUND

L ake Okeechobee is a large multi- function lakefreservoir located at the center of both the
Kissimmee- Okeechobee- Everglades aquatic ecosystem and the Central and Southern Florida
Project. This Lake provides regional flood protection, water supply for agricultural, urban, and
natural areas as well as critical habitat for fish and wildlife in south Florida. However, the
environmental health of this critical water body has deteriorated over the past century, largely
because of increased nutrient inputs.

In 1999, the Lake Okeechobee Issue Team of the District developed an action plan for the
restoration of Lake Okeechobee. This Plan recommended the removal of al or part of the
nutrient laden fluid mud sediments (i.e. upper layers of the lakebed sediment column) to the
maximum extent practicable, in order to substantially reduce ecosystem internal phosphorus
loading. If these sediments are removed, they must be processed and disposed of in a manner
that will not recontribute phosphorus to the lake or other regional water resources. These
sediments in Lake Okeechobee cover more than 80,000 hectares of the lakebed; the approximate
volume has been estimated at 200 million cubic meters®. This amount of material is of an order
of magnitude greater than has ever been removed from any lake in the world*.

The large area of the lake and the fluid character of the upper sediment layer highlight the
limitations associated with traditional hydraulic and mechanical dredging techniques. Currently
used hydraulic dredge methods remove large volumes of water and may results in removal of
non-target material. Excess material remova and treatment could raise the cost of the project’s
materials to prohibitive levels. Additionally, conventional means—typically designed for larger
grain sizes—would tend to resuspend the fine material back into the water column. Finally, it is

1As mentioned in the District Lake Okeechobee Pilot Dredging Project RFP C-11651.
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necessary that the selected technique for dredging should not add significantly to the already
high levels of suspended solids and turbidity in the lake water.

An innovative sediment removal technology was therefore deemed necessary to remove all or
part of the fluid mud sediment layer in Lake Okeechobee in order to substantially reduce internal
phosphorus loadings. In response to the District’s need, EA designed, manufactured, and
demonstrated the effectiveness of the SEDCUT® dredge head in selectively removing targeted
mud layer. This technology is uniquely suited for conducting dredging in Lake Okeechobee
because:

1. It alows selective removal of the phosphorus-laden mud layer with minimal resuspension of
this material into the water column.

2. It significantly reduces the amount of dilution water that is produced during dredging,
thereby reducing treatment and handling costs.

3. It can be easily scaled up for use in the larger areas of the lake where the sediments are
known to be concentrated.

In addition to performing pilot dredging in Lake Okeechobee using the new SEDCUT®
technology, the project work plan aso included the following:

1. Selecting arepresentative Pilot Dredging Site (PDS) and identifying a location for siting
a Confined Disposal Facility (CDF) — A representative PDS was identified at alocation
approximately 5 miles southwest of the Port Mayaca Lock on the eastern side of the lake. A
Digtrict-owned parcel of land, located along the northern bank of St. Lucie Canal,
approximately %2 mile east of Port Mayaca Lock was selected for constructing the CDF. The
CDF would be used to temporarily store the sediments dredged from the lake.

2. Obtaining relevant regulatory permits — A joint Environmental Resource Permit was
obtained from the Florida Department of Environmental Protection (FDEP), which permitted
conducting dredging in the Lake and designing, constructing, and operating a CDF to hold
the dredge sediments. The FDEP permit also alowed for the design, construction and
operation of a pilot water treatment system (PWTYS) to treat the water that separates from the
stored dredged material and return it to the CDF. A dredging permit was also obtained from
the Army Corps of Engineers. The CDF was constructed under a separate construction
permit from Martin County.
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3. Characterizing site-specific sediments — Sediment core samples were obtained from the
PDS and subjected to physical and chemical characterization. Results showed that the target
mud layer at the PDS was characterized by average bulk density of 1.20 g/cn, mean solids
content of 21 percent by weight, with an average of 37 percent of those solids organic in
nature. No pesticides were detected in the sediment samples. Concentrations of arsenic,
cadmium, and mercury detected in the site-specific sediments sightly exceeded screening
values, however they were determined not to be at levels of concern as the concentrations fell
into the “medium-low priority” ranking.

In addition, sediment concentrations were also compared to soil cleanup target levels (FAC
62-777). Resultsindicated that except for arsenic, concentrations of al other constituents
were below the available soil cleanup target level.

4. Conducting water quality monitoring — Water quality monitoring was conducted in
paralle with the field demonstration to determine impacts on in-lake water quality resulting
from operation of the SEDCUT® dredge head, and to evaluate efficacy of the selected water
treatment technology in reducing total phosphorus concentrations in the CDF effluent. Water
quality monitoring also included monitoring of in-lake water column turbidity levels before,
during, and after dredging.

Review of the in-lake water quality monitoring data indicated no significant difference in
water quality (selected nutrients and metals) between samples collected upstream and
downstream of the dredging area, as compared to the samples collected within the active
dredging zone. Concentration of metals recorded in the water column were compared to
FDEP s water quality criteriafor Class | surface water body. The comparison indicated that
except for one iron value (out of four measurements), which dightly exceeded the criteria
(measurement of 3,230 ng/L compared to criteria of 3,000 ng/L), al other metal
concentrations were below the water quality criteriafor Class | water bodies.

Turbidity monitoring data also indicated no significant impact on lake turbidity levels during
dredging. Turbidity values recorded before, during, and after dredging was completed did

not differ from each other significantly. The background lake turbidity levels were relatively
high and the operation of the SEDCUT® unit was shown to have little impact on the turbidity
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levels. None of the QA/QC samples indicated problems with sample collection, handling, or
analyses.

5. Conducting Bathymetric Surveys — Bathymetric data was collected before, during,
immediately after, and approximately ten days after pilot dredging was completed. Surveys
were conducted using the Reson 8124 SeaBat multi-beam depth sounder and a Knudsen
320M dual-frequency depth sounder. Use of dual-frequency and multi-beam technology
allowed for a more detailed determination of the top surface of the mud layer. Comparison
of data collected before dredging began (pre-dredging survey), during dredging (progress
survey), and after dredging (post-dredging survey) was used to determine changesin
bathymetry associated with the dredging. Data collected several days after completion of
the dredging (follow-up survey) was compared to the post-dredging survey data to determine
if and how rapidly the dredged area refilled with fluid muds from the surrounding area.

Multi- Beam Surveys were conducted with a25’-30" [8-9 m] line spacing to determine the
fluid mud layer. This line spacing alowed an overlap of 15 ft [5 m] with each adjacent
survey line and provided 100% coverage of the surveyed area. Dual frequency surveys were
conducted with a line spacing (transects) of 50’ [15 m], covering a bottom width of 1-2 ft
[30—60 cm] over the length of the survey line with no overlap of covered areas.

The results of the surveys indicated that measuring a small vertical face in sediments that are
very soft and non-homogeneous is difficult to quantify, especially in a shallow, open lake
subject to rapid and heavy weather changes such as L ake Okeechobee. While the multi-
beam survey provided sufficient data to eliminate any interpolation of data that is inherent in
other surveysthat traditionally utilize parallel survey lines, this approach is extremely
expensive to conduct over very large areas. In addition, given the accuracy of the vertical
measurement of 1 tenth to 2 tenths of afoot, the error introduced in measuring 1.2 ft (30 cm)
of material is very significant (approximately 8-16 %). This degree of accuracy in achieving
depths is normally of much less concern in projects removing larger face heights of material
since it represents a much smaller percentage of the total.

Review of the post-dredging survey output indicated that some relatively heavy shoaling had
occurred since dredging was completed. This shoaling was small in height but was
expansive in area. It could not be concluded with any certainty as to the constart nature of
the magnitude of the shoaling. In the course of execution of any larger lake project,
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consideration must be given to the constant shifting of the soft sediments that is likely to
occur during the course of dredging. In other words, areas dredged may not be 100 %
cleaned of any soft sediment since some lateral transport of material is likely to take place,
especially over longer periods of dredging activity.

6. Designing, constructing, and operating a CDF— The purpose of the CDF was to provide
an environmentally isolated, temporary storage area for sediments after they were dredged
from the lake bottom. After being deposited into the CDF, the dredged material was allowed
to settle for 24-48 hours. Upon settling, a portion of the liquid fraction was skimmed from
the top of the CDF and fed into the PWTS for treatment to remove phosphorus. The CDF
was designed in accordance with the guidelines for minor impoundments established by the
District. Upon completion of the project, the CDF will be handed over to the District for
periodic inspection, as-needed maintenance (of security fence, erosion control measures,
etc.), and eventual closure.

7. Designing, constructing, and operating a PWTS — The primary objective of the pilot water
treatment process was to evaluate the effectiveness of alternative water treatment
technologies for the removal of total phosphorus (TP) from the supernatant of Lake
Okeechobee dredge sediments. The target TP concentration of the supernatant after
treatment was less than or equal to 40 ng/L. Two technologies were demonstrated during the
project: chemical precipitation using ferric chloride followed by flocculation with a high
molecular-weight polyacrylamide-based polymer (NALCLEAR 8184, Nalco Chemical Co.);
and chemical precipitation using ferric chloride followed by microencapsulation with a silica
based a microencapsulating agent (KB-1, KEECO Inc.). Supernatant treated during PWTS
processing had influent TP concentrations ranging from 97 to 177 ny/L.

Results from the chemical precipitation/floccul ation process field tests indicated that five out
of seven process trials met the project target goal of reducing phosphorous concentrations to
40 ny/L or less. The chemical precipitation/microencapsulation process was even more
successful; all seven process trials achieved the project target goal of 40 ny/L.

8. Water quality monitoring for determining lake readiness of the effluent from the pilot water
treatment system indicated the PWTS effluent for both the polymer flocculation and
microencapsulation technologies had iron concentrations that did not meet project screening
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criterion. PWTS effluent for the chemical polymer flocculation technology also had pH
levels that did not meet project screening criterion.

E2 FIELD DEMONSTRATION OF THE SEDCUT® TECHNOLOGY

Prior to the field demonstration, EA designed, manufactured, and tested a dredge head based on
the SEDCUT® technol ogy. Discrete lanes, approximately 200 ft [61 m] in length, were dredged
using the SEDCUT® dredge head. Adjustments to the dredge mouth opening height, travel
Speed, and contact pressure were made for selected lanes. A pumping rate of approximately
1,300 gallons per minute [5,000 I/min] was used for al lanes. Sediments removed during each
lane cut were pumped directly into one of the eight compartments of atank barge for temporary
storage prior to transfer to the CDF at the end of the day.

For each lane cut, grab samples of the dredge slurry were collected at the tank barge directly
from the 6 in discharge line. These samples were analyzed in the field, to determine the
approximate percentage of mud collected versus dilution water during each lane cut, and to
provide feedback on the dredge’s performance.

Aliquots of the dlurry samples were also shipped to an analytical laboratory for determination of
standard physical properties. The success of dredging (i.e. accurately removing the target mud
layer) was determined by comparing the bulk density and grain size distribution properties of the
dredge slurry to the known properties of the target material. The efficiency and production rates
of the dredging operations were determined by the relative volume ratio of mud versus dilution
water in the dredge Slurry.

Results from the survey data were able to confirm that athin layer of mud (approximately 30 to
45 cm) was removed from the dredge lanes. The survey data was also able to confirm that the
dredge lanes were being filled in with the surrounding muds; the rate of filling, however, could
not be determined.

Four mouth openings (6, 8, 10, and 12 in) were tested in the field at differing travel rates at an
approximate pumping rate of 1,300 gpm [5,000 I/min]. Two and four in mouth openings were
also tested during the shake down period. Results indicated that dredging with a6 in [15 cm]
opening at atravel rate of 40 ft/min [12 m/min] was able to generate a dredge slurry with a
volume ratio of 65% target mud and 35% dilution water (Table E-1).
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Table E-1 Summary of Actual Mud Production Rates for the 6 in mouth opening

% Volume of mud in dredge slurry Travel Rate Travel Rate
L ow High (fpm) (m/min)

56 65 10 120

35 61 33 10.2

51 60 28 8.4

41 v 20 6.0

17 24 15 4.8

32 39 11 3.6

12 25 5.5 1.8

The contact pressure was also adjusted by flooding the ballast tanks. The ballast tanks were
flooded on the last lane cut to add more weight to the dredge head. The additional weight was
shown to lower dredge depth by 0.9 ft [27 cm].

The relative volume ratio of 65% target mud and 35% dilution water observed during the pilot
test is believed to represent acceptable production rates and that this rate can be increased with
further optimization of the unit. To the best of our knowledge, no large-scale commercial
dredging has ever been conducted in Lake Okeechobee therefore SEDCUT® production rates
cannot be compared to other more conventional technologies.

E.3 SCALABILITY

The SEDCUT® technol ogy is based on three inherently scalable fundamental principals, namely:

1. A intake visor (i.e. mouth opening height) that limits the amount of dilution water entrained
during dredging;

2. Buoyancy tanks that can control substrate contact pressure, so the dredge head can dlideon a
selected substrate density plane; and

3. Mud gathering rates equal to or dightly greater than dredge pumping rate.

All three of these design principles were tested during the pilot project and were shown to be
effective. It must be noted that even though the technology is innovative, the unit is constructed
from easily available, off-the-shelf components.
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A conceptual approach was developed for conducting large-scale commercia dredging in Lake
Okeechobee. This approach is based of the results from the pilot-scale field demonstrations and
is aimed at removing up to 200 million cubic yards? [153 million cubic meters] of fluid muds
from the lake over athirty-year period (to coincide with other Lake Okeechobee Watershed
restoration efforts being implemented under the Comprehensive Everglades Restoration Plan
[CERP]). A linear extrapolation approach was used since the dredge head used during the pilot
study was constructed to scale (6 ft [2 m] wide with one, 6 in [15 cm] pump) and the full-scale
unit is projected to be four times the size of the pilot, i.e. 24 ft [7 m] wide with four, 6 in [15 cm]
pumps. Therefore, the time required to remove 200 million cubic yards [153 million nT] can be
reduced or increased in alinear manner by varying the number of full-scale units.

Daily and yearly dredging production rates were forecasted based on the following assumptions:

1. 200 million cubic yards [153 million ] of fluid muds from the lake over a thirty-year
period.

2. The SEDCUT® dredging technology will produce dredge slurry containing 65% target mud
and 35% dilution water.

3. Dredge operations are assumed to operate on an 24 hours/day 7 days/week with
approximately 15% downtime for weather, holidays, etc.

4. Dredge slurry can be transported to constructed island or other engineered containment
structures for disposal and/or management.

5. Dilution water from the dredge urry will separate from the dredge material within 24 hours.
This water will have to be treated to reduce total phosphorus concentrations to below 40 ug/L
prior to returning it to the lake. Alternative uses for the dredge durry supernatant may
include use as irrigation water.

V olumes associated with the above assumptions are shown in Table 9-1.

Increasing the production rate of the pilot dredge unit can be accomplished by increasing the
width of the SEDCUT® didi ng dredge head and adding more hydraulic pumps. The full-scale
dredge unit needed to pump 4,270 gpm [16,000 I/min] of dredge slurry would be four times
larger than the pilot unit (24 ft [7 m] wide with four, 6 in pumps equally spaced along the
SEDCUT® dredge head). The variation of pump sizes and configurations can easily be tailored to

2 The total amount of fluid muds estimated to be present in L ake Okeechobee (District RFP C-11651).
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maximize efficiency for scalability purposes; assuming a consistent sediment layer thickness, the
pilot dredge unit can be linearly expanded to the desired capacity merely by adding width and

pumping capacity.

A maor element of the cost of such dredging operations will involve the transport, management,
and disposal of the dredged material. For this aspect of the operation, there are many standard
dredging techniques offering large economies of scale and reduced susceptibility to wind and
water surface conditions. A series of fixed pipelines—each serving different segments of the
Lake over the severa years of the dredging operation—could offer much ssimpler and lower-cost
transport and transfer operations, and much less weather and water-depth vulnerability than were
encountered during the pilot study. Navigation impacts can be minimized by submerging the
entire pipeline or portions that cross the navigation channels.

In addition, it is known that the mud layer is thickest at the center of the lake and is of negligible
thickness as much as 2 miles [3 km] from the shore. This not only significantly reduces the area
required for dredging, but also offers alternative dredging options. For example, it may be
possible to only dredge the central 10 miles [16 km] diameter of the Lake, and exploit the natural
forces that concentrate the mud in the center of the Lake over time to efficiently remove the
majority of this material in a multi- year program.

Both water treatment technologies demonstrated during the pilot project were successful in
reducing total phosphorus concentrations in the dredge effluent to below 40 ny/L. Both
technologies used standard chemical precipitation followed by solids separation (polymer/
encapsulation using KB-1). Scale up of either of these systems would be in accordance with
conventional water treatment plants and similar to the chemical treatment systems proposed for
the District’s storm water treatment areas®. However, additional studies are needed to
demonstrate the optimization from scaling up from a 10 gpm [38 I/min] to a 2— 4 million
galong/day (MGD) [7.5-15 million I/day] plant and to better optimize the cost effectiveness of
treating and discharging large amounts of water back to the lake.

3 «“Chemical Treatment Followed by Solids Separation Advanced Technology Demonstration Project.” Final Report
prepared by HAS Engineers & Scientists for the South Florida Water Management District (Contract # E10650).
Dec 2000.
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E3 RECOMMENDATIONS

The SEDCUT® technol ogy showed strong promise as an effective option to accomplish the
objectives of the Comprehensive Lake Restoration Plan. However, additional data is needed to
accurately forecast of the cost and time required for afull-scale dredging operation of the entire
Lake. While the pilot test indicated that the SEDCUT unit could penetrate a deeper sediment
layer (as shown by dredging conducted with flooded ballast tanks), additional testing is
proposed.

Specifically there is a need to determine the removal efficiency of dredging different sediment
layers at various depths and locations. This can be accomplished by conducting pilot dredging
operations in the center of the Lake where mud layers have been determined to be the thickest
(greater than 4 ft [1.2 m]) and around the perimeter of the Lake where mud layers are between
less than 4 [1.2 m] ft thick.
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1.0 INTRODUCTION

This Lake Okeechobee Pilot Dredging Project Report has been prepared by EA Engineering,
Science, and Technology, Inc. (EA) of Miami Lakes, FL, for the South Florida Water
Management District (District), under contract number C-11651. The report describes the
activities undertaken during the course of the project and presents results and observations from
pilot dredging conducted in Lake Okeechobee.

1.1 PROJECT BACKGROUND

Lake Okeechobee is a large multi- function lake located at the center of both the Kissimmee-
Okeechobee-Everglades ecosystem and the Central and Southern Florida Project. The lake
provides regional flood protection, water supply for agricultural, urban, and natural areas as well
as critical habitat for fishand wildlife in south Florida. However, the environmental health of
this critical water body has deteriorated over the past century, largely because of increased
nutrient inputs.

In 1999, a multi-agency Lake Okeechobee Issues Task Force developed an action plan for the
restoration of Lake Okeechobee. This Plan recommend removal of all or part of the nutrient
laden fluid mud sediments (i.e. upper layers of the lakebed sediment column) to the maximum
extent practicable, in order to substantially reduce ecosystem internal phosphorus loading. |If
these sediments are removed, they must be processed and disposed of in a manner that will not
recontribute phosphorus to the lake or other regional water resources. These sedimentsin Lake
Okeechobee cover more than 80,000 hectares of the |akebed; approximate volume has been
estimated at 200 million cubic meters (nT). As mentioned in the District’s request for proposal
for this project, this amount of material is of an order of magnitude greater than has ever been
removed from any lake in the world.

The large area of the lake and the fluid character of the upper sediment layer, together with the
likelihood that excess quantities of either, in-lake water or substrate sands might be removed in a
conventional hydraulic dredging process, create an enormous scale for material removal. Excess
material removal and treatment could raise the cost of the project’s materials to prohibitive
levels. It was therefore necessary that the technique selected for dredging sediments in Lake
Okeechobee should not add significantly to the already high levels of suspended solids and
turbidity in the lake water. An innovative technology was therefore required to selectively
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remove only the target mud layer, and to do so with a minimum contribution to turbidity and the
resuspension of solids.

1.2 PROJECT GOALSAND OBJECTIVES

The primary objective of the pilot dredging project was to demonstrate the feasibility and cost
effectiveness of removing and processing the phosphorus laden mud layer using innovative
dredging, material processing, and water treatment technologies. To accomplish this objective,
the SEDCUT® technol ogy was specially developed and tested during this project. As agreed
upon in the contract, research and development costs for the new technology were borne by EA
Engineering, which isin the process of finalizing a patent. The SEDCUT® dredge head was
rented to the District for the duration of the field demonstration.

The SEDCUT technol ogy uses a specially designed dredge head (Figure 1-1) to selectively
remove sediment layers and it was selected as a viable option for conducting dredging in Lake
Okeechobee because:

1. It alows selective remova of the phosphorus-laden mud layer with minimal resuspension of
this materia into the water column.

2. It significantly reduces the amount of excess water that is taken up during dredging, thereby
reducing treatment and handling costs.

3. It can be easily scaled up for use in the larger areas of the lake where the sediments are
known to be concentrated.

4. It can be assembled cost effectively using mostly off-the-shelf products.

In addition to demonstrating the effectiveness of the SEDCUT® technol ogy, the project design
also included achieving the following secondary objectives:

1. Obtaining relevant regulatory permits,

2. Characterizing site-specific sediments from the pilot dredging site,

3. Conducting environmental monitoring (water quality and bathymetric surveys) in parallel
with the pilot dredging demonstration,

4. Designing, constructing, and operating a Confined Disposal Facility (CDF) to temporarily
store the sediments after they are dredged from the lake bottom, and
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Figure 1-1 SEDCUT Dredge Head

Dredge head mounted on the dredge plant
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5. Designing, constructing, and operating a pilot scale water treatment system (PWTYS) to treat
the water (dredged materia effluent) that separates out from the sediments stored in the CDF.

1.3 PROJECT WORK PLAN

A detailed work plan was developed and implemented to accomplish the project objectives®. To
ensure that the project objectives were accomplished in atimely, organized, and cost-effective
manner, the project was broken down into discrete tasks, several of which were implemented in
paralel. The work plan was reviewed and approved by the District prior to implementation.

14 PROJECT HEALTH & SAFETY

Prior to initiation of field work, a project-specific Health & Safety Plan (EA, 2001a) was
developed. Following approval by the District, the plan was implemented throughout the project
to ensure that all field activities were conducted in a safe manner. Health and safety practices
implemented at the site included regular safety meetings, training in proper use of field gear and
equipment, periodic safety inspections, implementation of safe boating practices, etc.

15 PROJECT REPORT ORGANIZATION

This Project Report is organized into nine (9) chapters. Chapter 1 contained an introduction and
included a discussion of the project objectives and scope. Selection of arepresentative pilot
dredging site (PDS), and a suitable location to site the CDF and a shore transfer platform is
described in Chapter 2. Chapter 3 summarizes the significant steps in the regulatory permitting
process. Characterization of sediment samples collected from the PDS is described in Chapter 4.

A description of the field demonstration of the SEDCUT® technol ogy is provided in Chapter 5.
Chapter 6 describes environmental monitoring conducted in parallel with the pilot dredging.
Details of the design, construction, and operation of the CDF are contained in Chapter 7.
Chapter 8 describes the design, construction, and operation of the pilot water treatment system.
Significant observations and recommendations from this study are presented in Chapter 9. A
series of appendices are included to present supporting data.

The Lake Okeechobee Pilot Dredging Project, Final Work Plan (EA, 2001a).
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20 SITESELECTION

The process of selecting a suitable site for conducting pilot dredging and locating the CDF and a
shore transfer platform began with the identification of available land parcels, preferably owned
by the District, near the eastern and northern shoreline of Lake Okeechobee. The strategy was to
first select an appropriate location to site the CDF and then choose a representative pilot
dredging site in the Lake relatively close to the CDF. The shore transfer site would, by default,
have to be placed between the two, preferably contiguous to the CDF, to eliminate the use of
long pipelines.

21 CDFSITE SELECTION
Alternate locations were evaluated for siting the CDF based on the following criteria:

Availability of 2 2to 3 acres[1 to 1.2 hectares] at an upland location

Minimum clearing and grubbing (i.e., light brush)

On-site burning of clearing debris preferably allowed

Dikes to be constructed from material excavated from bottom of CDF

Water table 4 ft [1.2 m] or more below the surface

Access road to site 20 ft [6.1 m] wide and less than 1000 ft [304.8 m] long from existing road
system

Two potential sites were evaluated based on the above criteria. Site 1 was located at the
intersection of Nubbin Slough and Taylor Creek. This location was eliminated from further
consideration since there was no direct access for atransfer barge to reach the site from Lake
Okeechobee. Access via Taylor Creek was not possible due to the gates at S-191 being locked
most of the time. Further, even when gates were open, a barge carrying the dredged material
would not be able to pass through the low underpass at one of the roads that cross over Taylor
Creek. Alternate forms of transporting the dredged material to this site (such as trucking, use of
apipeline) were considered but were found to be exorbitantly expensive.

The second site was located along the northern edge of the St. Lucie Canal less than 2/3 of amile
[1.07 km] east of Port Mayaca Lock. Thislocation met the desired criteria and was selected as
the CDF site. Most importantly, it could be accessed very easily from the Lake through the Port
Mayaca Lock viathe St. Lucie Canal (the Okeechobee Waterway). Other criteriathat favored
the selection of the Port Mayaca site included the following:
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It is located on District-owned lands (Figure 2-2).

There is adequate acreage available to locate a CDF to hold approximately 6,000 cubic yards
(yd®) [4587 nT] of dredged material.

Water depth in the St. Lucie Canal aongside the southern edge of the property is adequate to
set up a shore transfer station.

A District pump house (S-153) is located just off the northeastern edge of the property. This
would potentially allow for relatively easy access to electrical and phone connections for the
staging area, as needed.

The northern edge of the property was demarcated by aflood control levee, which could,
with very little modification, be incorporated into the design of the CDF.

The property was located in arural setting with very little local pedestrian and vehicular
traffic.

22  SELECTION OF THE PILOT DREDGING SITE (PDS)

The contract and work plan specified that the PDS would be located within 1 mile of the general
proximity of the eastern side of the Lake, and have a fluid sediment layer approximately 3 ft
[0.91m] in thickness. A nominal dredging area of 225 ft X 225 ft [68.58 X 68.58 m] was
indicated, leading to an expected dredged volume of 151,875 cubic ft (ft%) [4300.6 nT], or 5625
yd® (later rounded to 6000 yd® [4587 nt)).

A review of existing data indicated that the target mud layer in the near-shore areas along the
Port Mayaca shoreline of Lake Okeechobee was relatively thin (<2.5 in [10 centimeters (cm)]);
and that there was inadequate water depth in most shore areas to accommodate a loaded dredged
material barge/tug unit. Site investigation conducted at nearby areas approximately one mile
[1.6 kilometer (km)] offshore yielded none or minimal fluid mud sediment layers: the thicker
fluid mud sediment layers are concentrated in the lake pelagic zone. No appropriate sites were
thus available within the one mile [1.6 km] zone specified in the work plan in the general
proximity of the Port Mayaca CDF site. Consequently the decision was made to decrease the
target dredge layer thickness and expand the search beyond the one mile [1.6 km] offshore.

Three aternate offshore sites (> 1 mile [1.6 km] from the shoreline) were evaluated based on the
following criteria
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Presence of a2 12 in[30 cm] thick target mud layer

Minimum of 7 ft [2.1 m] of water depth available from the dredge site to the navigation
channel

Area generaly free of debris and large obstructions

Mud layer that is underlain by sand substrate

A location approximately five miles [8.37 km] offshore from the western approach to the Port
Mayaca Lock, on a magnetic bearing of 249 degrees offshore, was selected as the PDS (latitude
26° 57" and longitude 80° 42.3"). Sediment thickness at this location was > 12 in [30 cm] with a
top sediment elevation of 1.5 ft [0.46 m] MSL. There was a thin, irregular sand layer underlying
the mud at this location. Published bathymetric data showed that adequate tug/barge float water
(i.e,, =10ft [3.05 m]) should exist from this location through the Port Mayaca channel when the
lake is at an elevation of 12.5ft [3.81 m] MSL. A sediment boring profile from this location is
illustrated in Figure 2-1.

The origina plan was based on removing a three-foot thickness of sediment over a 225 ft x 225
ft (68.58 m x 68.58 m) area, one mile [1.6 km] offshore. Site conditions indicated that the
closest representative site was five miles [8 km] offshore and only had a sediment thickness of
12 in [30 cm], which required a larger dredge area to equate to the original volume identified in
the RFP.

23 SELECTION OF THE SHORE TRANSFER STATION

Since the CDF was to be located along the northern edge of the St. Lucie Canal, and use of long
transfer pipelines was economically infeasible for a small demonstration project, a shore transfer
station was established along the southern edge of the CDF site. Thislocation had adequate
navigational clearance and draft for the barge unloading equipment, as well as the loaded
material, as long as the water elevation in the St. Lucie canal remained at £10.0 ft [3.08 m] MSL.
Location of the PDS and CDF are shown in Figure 2-2. For additional details, refer to the “Lake
Okeechobee Pilot Dredging Project - Ste Selection & Conceptual Design” (EA, 2001b).

Final Report Dec 2002
2-3



Depth below bottom surface (cm)

— 10

20

30

40

50

60

— 70

80

KEY
High Organic
@ Black calcium
Carbonate
Silts (i.e. muds)
Q Fluviatile
gray sand
Peat with

mar|-shell
layers

Figure 2-1 PDS Sediment Core Profile



¢-¢34dNold

1p9°g-zainbi4

ANVYNITIL
T0°L0ST9
AV INd ‘oNgor
SWO/99
'AANMVYHQ|20/€0/cT:a1va

103r0ddONIDA3TIALOTdaIdOHITIHNO ANV

OUI'ADOTONHOILANY
‘FONIIOS 'ONIYIINIONIVI

a&ﬁ

(DT T 1 TAT vl T e e | | o o pminey, e ) aetahinle maatedo

83(0yoaay0aXe




L ake Okeechobee Pilot Dredging Project

30 PERMITTING

Florida State regulations require that prior to constructing a CDF and filling it with dredged
materials, a permit must be obtained from the appropriate regulatory authority, including one or
more of the following:

The Florida Department of Environmental Protection (FDEP)
The United States Army Corps of Engineers (COE)
Water Management Districts

A joint application for an Environmental Resource Permit (ERP) is generally used to apply to all
agencies concerned. EA submitted a completed joint ERP application for this project to the
District in August 2001. Prior to submitting the permit application to FDEP, several meetings
were held with representatives of various regulatory agencies to discuss relevant issues. Besides
FDEP, representatives from the U.S. Environmental Protection Agency (EPA), the U.S. Fish &
Wildlife, and the Fish & Wildlife Commission attended these meetings. Comments from all
agencies were considered for inclusion in the permit application. Discussions were aso held
with the Coast Guard regarding navigation issues in the lake during periods of active dredging.

After signature by District personnel, the application was filed with the FDEP. Information
submitted along with the permit application included a set of conceptual drawings illustrating the
proposed CDF. FEDP issued permit number GL 50-0189610-001 on November 9, 2001

(Appendix A).

In response to the ERP application, the USACE issued permit number 200106177 (LP-DEB) on
February 8, 2002. This permit allowed the dredging of 6,000 cubic yards [4587.3 nT] of
sediments from the PDS in Lake Okeechobee, and temporarily storing it in the project CDF

(Appendix A).

Since the CDF was to be located in Martin County, Florida, a construction permit was also
required from the Board of Engineering Department of the Martin County Board of County
Commissioners. EA submitted an application on February 5, 2002, and a permit to construct and
operate the CDF was received on March 4, 2002 (Appendix A).
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A checklist of relevart and applicable permit requirements was developed and used during the
project to ensure that all applicable conditions were complied with appropriately (Table 3-1).

It must be noted that all permits have been issued to the District. EA was responsible for
ensuring that al relevant permit conditions were met during the project and that the District

would be responsible for ensuring the compliance of relevant permit conditions after dredging
operations were compl eted.
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Table 3-1 Permit Requirement Checklist

Lake Okeechobee Pilot Dredging Project

Requirements

Due Date

Comments

A separate permit may be required by the
USACOE. Authorizations may also be required by
other federal, state, and local entities.

Obtain authorization prior
to initiating construction.

Obtained permits from COE and
Martin County. Also coordinating
with the Coast Guard on
navigation issuesin the lake.

General Conditions

1. All activities authorized by this permit shall Duration of the Project. Done.
be implemented as set forth the plans,
specifications, and performance criteria as
approved by this permit, Any deviation from
the permitted activity and the conditions shall
constitute aviolation.
2a A copy of thispermit, with all conditions, Duration of Project. Copy provided to CDF
attachments, and modificationsisto be kept at Construction Contractor.
the work site of permitted activity.
2b  Givethe permit to the contractor to review. Prior to commencement Done.
of permitted activity.
3 Temporary erosion control isto be Permanent control Silt fenceswere installed at the
implemented prior to and during construction. | measuresisto be CDF site prior to start of
completed within 7 seven | construction and were maintained
days of any construction | throughout the duration of the
activity. project.
4a  Notify FDEP of the anticipated construction Within 30 days of the Was done as soon as a construction
start date. permit issue date. date wasfinalized.
Submit a “Environmental Resource Permit At least 48 hourspriorto | Done. A fax was sent out to DEP,
Construction Commencement” notice (Form commencement of COE, SFWMD, and Martin
No. 62-343.900(3), FAC) to FDEP indicating | activity. County on March 7 indicating that
the actual start date and the expected CDF construction was likely to
completion date. start during the week of March 11.
5 If duration of construction will exceed one Duethefollowing June of | Not applicable.
year, submit construction status reports to each year.
FDEP on an annual basis using an “ Annual
Status Report Form” (Form No. 62-
343.900(4) FAC).
6 Submit awritten statement of completion and | Within 30 days after Done.
certification by aregistered professional completion of
engineer or other appropriate individual as construction of permitted
authorized by law, using the “ Environmental activity.
Resource Permit As-Built Certification by a
Registered Professional” (Form No. 62-
343.900(5) FAC). If deviation from the
approved drawings are discovered during the
certification process, the certification must be
accompanied by a copy of the approved
permit drawings with deviations noted. Both
the original and revised specifications must be
clearly shown. The plans must be labeled “ as-
built” or “record” drawing. All surveyed
dimensions and elevations must be certified
by aregistered surveyor.
Final Report Dec 2002
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Table 3-1 Continued

Requirements

Due Date

Comments

The operation phase of the permit isnot to
become effective until requirements of
condition 6 (above) have been met, a
“Request for transfer Environmental
Resource Permit Construction Phase to
Operation Phase” (Form No. 62-343.900(7)
FAC) has been submitted to FDEP, FDEP
determines the system isin compliance with
the permitted plans and specifications.

Done

9 May need to obtain any federal, state, local Prior to the start of any COE and Martin County approval
and special district authorization. activity approved by the were obtained prior to start of

permit. project.

13 FDEP should be notified if historical or Notify the appropriate Not applicable.
archaeological artifacts are discovered at FDEP office immediately.
any time on the project site.

14  Notify FDEP in writing if any previously Notify FDEP immediately. Not applicable
submitted information that is later
discovered to be inaccurate.

Special Conditions

2a Instructionsto Contractor. Give acopy of Before authorized work Done.
this permit to each contractor and begins.
subcontractor.

2b  Schedule apre-construction meeting for Prior to construction. Per conversation with Inger
attendance by the contractor(s), owner or Hansen of DEP, this clause refers
agent, and representatives from SFWMD, toin-water activities and not to
FDEP, and other environmental regulatory construction of the CDF. A
agencies to establish an understanding meeting was scheduled for April 5
among the parties of the items specified in to meet with and brief all
the special conditions of the permit. regulatory agencies.

4  Sediment Characterization. Submit a Prior to removing and A sediment disposal plan will be
Material Testing and Disposal Plan to the disposing of the material submitted to FDEP following
FDEP southeast district for review and from the CDF. sediment characterization. Upon
approval. Thedismantling of the CDF receiving approval, the sediments
should begin until FDEP determines that the will be disposed off in accordance
material has been adequately characterized with the plan, the CDF will be
and afinal disposal option has been selected dismantled, and the site will be
that is protective of human health and the restored.
environment and in compliance with
applicable rules.

5  Water Quality Monitoring. The results of Upon acceptance of A copy of the sediment
the sediment collection & analysis plan may | sediment quality resultsby | characterization resultswere
be used to justify adjustmentsin sampling the District. submitted to the DEP. At the April
(frequency and/or parameter) for the Water 5" meeting, modifications to the
Quality Monitoring Plan. water quality monitoring list were

discussed.

6 Protection of Manatees. At least on person | Whenin-water work is Done.
shall be designated as a manatee observer. being performed.

Final Report Dec 2002

34




Lake Okeechobee Pilot Dredging Project

Table 3-1 Continued

Requirements Due Date Comments
7 Removal of Construction Material. All Assoon asitisno longer Done.
temporary structuresincluding the mooring | needed for the intended
facilities and the confined disposal unit, purpose.
trestle structures, deckling, pilings, etc. shall
be removed.
8a  Use best management techniquesfor At all times during Silt fenceswereinstalled at the
erosion and sedimentation control. Silt construction. CDF site prior to start of
screens, straw bales, or other sediment construction and were maintained
control measures are to be used. throughout the duration of the
project.
8o  All graded areas shall be stabilized and Immediately after Done.
vegetated. construction to prevent
erosion.
9 I nspection Requirements for CDF Berms. Thefirst report is duejust Thefirst report was submitted to

Conduct regular inspections of the CDF to
ensure its structural ability and submit bi-
annual reportsto FDEP of inspections of all
above ground dikes, levees and berms
behind which water is contained. These
reports are to include proposal of technique
and schedule for repair of any deficiencies
noted, and signed and sealed by aregister
Florida PE.

prior to the operation of the
CDF, and every 6 months
thereafter until the CDF has
been dismantled.

FDEP in May 2002. Other reports
will be subsequently submitted.

COE Requirements

1 Reduce and/or eliminate turbid water These devices are to be Silt fences wereinstalled at the
conditions and the erosion of disturbed or maintained until the CDF site prior to start of
filled areas in adjacent water bodies and disturbed areas become construction and were maintained
wetlands. Thisisto be achieved through sufficiently stabilized by throughout the duration of the
the use of silt curtains or screens between natural recruitment of project.
the construction area and wetlands or vegetation or other
surface waters during periods of fill measures.
placement.

3a The Standard Manatee Protection During all phases of the Done.
Guidelines should be followed. project.

3b  TheNotice of Authorization should be Copy was provided to CDF
displayed at the construction site. Construction Contractor.

3c Notify the District Engineer’ s representative | When work begins. Done. A fax was sent out to DEP,
of the following: COE, SFWMD, and Martin
(1) date of commencement of work County on March 7 indicating that
(2) dates of work suspensions and CDF construction was likely to

resumptions (if work is suspended over start during the week of March 11.
aweek)

(3) date of final completion.
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Lake Okeechobee Pilot Dredging Project

Requirements Due Date | Comments
Martin County Requirements
1. Submit to the Martin County Engineering At the end of the project. Done.
Department signed and sealed drawings
document specific information.
Final Report Dec 2002

3-6
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40 PDSSEDIMENT CHARACTERIZATION

Before the field demonstration could be conducted at the PDS, it was necessary to determine the
physical and chemical properties of the site-specific sediments. Sediment physical properties
were used to verify that the material removed during dredging matched the fingerprint of the
samples taken from the pilot dredging site. Chemical properties of the sediment were used to
project water quality impacts that could potentially result from lakebed disturbances due to
dredging.

Two rounds of sediment sampling were conducted at the PDS; round 1was initiated during the
last week of August 2001 and involved collection of core and bulk sediment samples (Table 4-1).
Round 2 was collected just prior to initiation of pilot dredging (April 2002) and included
collection of core samples only. During each round, each sample station was located with a
handheld Differential Global Positioning System (DGPS) Receiver and assigned a specific
project site number and location description.

Sampling was conducted in accordance with the methodology outlined in the Lake Okeechobee
Pilot Dredging Project Sediment Collection & Analysis Plan (EA, 2001c). The methodology for
sample collection, handling, preservation, transport, storage, and analyses was consistent with
the guidance contained in the District’s Comprehensive Quality Assurance Manua (SFWMD,
1999).

Core Samples— Round 1 included collecting one discrete sediment core from three locations
at the pilot dredging site (PDS-01, PDS-02, and PDS-03) (Figure 4-1). In addition, one
duplicate Quality Assurance/Quality Control (QA/QC) core (PDS-01 Dup) was aso collected
from PDS-01. Sampling was conducted using a 3-inch [7.62-cm] (outer diameter) X 48-
inch (121.92-cm) long standard TPl AW split spoon sampler manufactured by N&N Drilling
Supply Co. of Peckville, PA. The sampler housed a 2%%-inch [6.34-cm] (outer diameter) X
48-inch (121.92-cm) long removable clear plastic liner. A pneumatically driven, linear vibra
core hammer was used to drive this sampling tool.

Samples from PDS-01 and PDS-02 were shipped to an analytical laboratory to be analyzed
for selected physical and chemical parameters. Sample collected at PDS-03, was analyzed at
EA’s in-house laboratory to determine basic physical characteristics of the site-specific
sediments.

Final Report Dec 2002
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The second round of sediment sampling was conducted prior to the start of the field
demonstration (April 2002) and included collection of three in-situ core samples (PDS-04,
PDS-05, and PDS-06 (Figure 4-1) to update and confirm site conditions. PDS-04 was
collected in the southeast of the dredge area and the other two (PDS-05 and PDS-06) were
collected in the northeast of the dredge area. A composite (PDS-Comp-1) was prepared in
the laboraory by combining equal parts of the target material and the underlying sediment
drawn from aliquots of PDS-04, 05, and 06. This composite was used to develop a baseline
that would indicate whether the dredge head was operating deeper than required, i.e. by
removing substrate material in additional to the target material.

All three samples were collected using a modified split spoon sampler, which consisted of a
4-ft (1.2-m) acrylic tube that was pushed through the target mud layer until refusal was
encountered. At this point, a vacuum was applied and the sample was removed and held on
ice. Sediment core samples collected during Round 2 were shipped to Intercounty
Laboratories (IL). The upper 30-cm layer (target material) from sediment cores collected at
PDS-04, PDS-05, and PDS-06 was analyzed for grain size distribution (sieve and
hydrometer), percent organic, bulk density and percent solids by weight only (Table 4-1).

Bulk sediment samples— These were collected during Round 1 only using a hand-
manipulated, hydraulic dredging tool. The samples were used to conduct |aboratory bench
scale tests to determine engineering properties that were required to design the CDF and the
dredged materia effluent treatment train.

Additional details of the sampling and analyses of the site-specific sediments can be found in the
Lake Okeechobee Pilot Dredging Project — Sediment Analyses Report (EA, 20023).
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L ake Okeechobee Pilot Dredging Project

41 PHYSICAL CHARACTERIZATION

Sediment core profiles are shown in Figure 4-2 and 4-3. Site-specific sediments extracted by
cores were observed to be black, organic-rich muds containing shells, showing the presence of
entrained gases. The core collected at PDS-03 was divided into sections according to
identifiable visual and physical horizons as follows:

fluid muds -- defined as the fraction with bulk density® (?) £ 1.065 g/cnt
semi-consolidated muds -- defined as the fraction with bulk density (?,) > 1.065 g/cn?
sand stbstrate -- visual observation

peat substrate -- visual observation

beach rock -- visual observation

The target mud layer (roughly the upper 30 cm) of the core was frozen and separated into two
layers, 0-10 cm and 10-30 cm. The 10— 20 cm fraction was not analyzed, as it did not show any
visually discernable characteristics. No discrete sand layer was observed in the core; the peat
and the beach rock sections were discarded following visual observations.

4.1.1 Analysisof theTarget Mud Layer

The target mud layer, defined as the upper 30 cm layer of the sediment core, showed distinct
differences in the upper horizon (i.e., the fluid muds ranging in depth from 0-10 cm) and lower
horizon (i.e., the semi-consolidated layer ranging in depth from 20-30 cm) (Figure 4-2). The
semi-consolidated mud layer was determined to begin with the onset of detectable resistance to
penetration. Basic physical properties for the two horizons were determined using standard
American Society for Testing and Materials (ASTM) test methodology (Table 4-1).

The target mud layer was separated into coarse and fine fractions by wet sieving through a
standard No. 200 sieve. Ninety percent (%) (by weight) of this mud portion was shown to be
fine-grained. Sieve analyses data were used to generate a particle size distribution profile for
the target mud portion of the sediment core (Figure 4-2).

3 Lake Okeechobee Phosphorous Dynamics Study, Vol. IX — Sediment Characterization — Resuspension and
Deposition, Final 1998-1991, November 1989.
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L ake Okeechobee Pilot Dredging Project

Laboratory analyses indicated that the ypper 12 in [30 cm] layer of the mud column (target layer)
at the PDS (Table 4-1) was characterized by the following:

Bulk density values ranged from 1.04 grams/cubic centimeter (g/cnT) to 1.20 gl/ent,
Percentages of solid content by weight ranged from 8% to 22.8%.

Grain size distribution, which passed the No. 200 sieve, varied from 75.4% to 78.5%
(Appendix B, Particle Size Distribution Chart).

Percentage of organics ranged from 36% to 44%.

Note that average values of bulk density, percent solids content, grain size distribution, and
percent organic content of the sediment were cal culated based only on samples PDS-01, PDS-01
(Dup), PDS-02, PDS-04, PDS-05, PDS-06.

42 CHEMICAL CHARACTERIZATION

Sediment chemical characterization was conducted prior to dredging, and included analyses for
selected nutrients, metals, pesticides, and herbicides. Only total mercury concentrations were
determined. No clean or ultra trace analyses were conducted for any of the metals.

Nutrients and metals analyses were cond ucted by PPB Laboratory, Inc. of Gainesville, FL. PPB
operates under an FDEP-approved Comprehensive Quality Assurance Plan (CompQAP No.
870017) (PPB, 1994). Samplesfor pesticides analyses were subcontracted by PPB to Severn
Trent Laboratories, Inc. of Tallahassee, FL (FDH # E81005). Sediment pore water samples
were extracted and analyzed for selected parameters by the Wetland Biogeochemistry
Laboratory of the Institute of Food and Agricultural Sciences (IFAS), University of Florida.

Data Quality Objectives (DQOs) for all chemical analyses were standard QA targets identified in
the District CompQAP (1999); these are shown in Table 4-2.
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Table 4-2 Project Data Quality Objectives

Parameter EPA Method No. Precision Accuracy Concentration | Method Detection
(% RSD) (LCL —ucCL) Range Limit (MDL)
Total Phosphorus EPA/USACE* 0-30L 50-150 M 1 mg/kg
(p. 3-227 - 3-229)
Dissolved phosphorus 365.3 0-30L 80- 120 M 0.004 mg/l
(in pore waters)
Orthophosphorus 365.2 0-10L 80- 120 M 0.001 mg/!
(in pore waters)
Total Nitrogen Calculated as sum of concentrations of TKN + NO, + NO3
TKN EPA/USACE* 0-30H 50-150 M 10 mg/kg
(p. 3-201 - 3-204)
NO, +NO; EPA/USACE* 0-50 L 65-135 M 1 mg/kg
(p. 3-184 - 3-185)
Aluminum 7020 0-60L 80-120 M 0.5 mg/kg
Arsenic 6010 0-15L 80-120 L 0.3 mg/kg
Beryllium 6010 0-25L 80-115 L 0.1 mg/kg
Cadmium 6010 0-50 L 65-135 L 0.1 mg/kg
Chromium 6010 0-40L 70-130 L 0.1 mg/kg
Copper 6010 0-20L 80-120 L 0.1 mg/kg
Iron 6010 0-20L 75-120 L 0.4 mg/kg
Lead 6010 0-50L 65-125 L 0.3mglkg
Mercury 7471 0-30L 50-140 M 0.10 mg/kg
Nickel 6010 0-30L 75-120 L 0.2 mg/kg
Selenium 6010 0-15L 80-120 L 0.2 mg/kg
Silver 7761 0-35L 65-125 M 0.1 mg/kg
Zinc 6010 0-40L 75-125 L 0.2 mg/kg
Organophosphorus 8141 -- -- - Variesby analyte
pesticides
Chlorinated pesticides 8081A - - -- Varies by analyte
Chlorinated herbicides 8151 - - - Varies by analyte
Diuron 632/8321 - - - Varies by analyte
Key: LCL = Lower Control Limit; UCL = Upper Control Limit; M = Median Range L = Low Range

*EPA/USACE, Technical Committee on Criteriafor Dredged and Fill Material Procedures for Handling and
Chemical Analysis of Sediment and Water Samples, May 1981.
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4.2.1 Evaluation of Sediment Chemistry Data

All pesticide measurements were below the method detection limit (Table 4-3). Meta
concentrations in the site-specific sediment samples were compared to selected sediment
screening values derived from existing literature to determine if any of the measured values
represented a potential environmental risk (Table 4-4). Note that, because two duplicate
samples were collected at PDS01, the two measurements were averaged. The higher of the
PDS01mean value and PDS02 value was compared to the chosen sediment screening val ues.

The following four sources of screening values were used for this comparison:

MacDonad, D.D., C.G. Ingersoll, and T.A. Berger. 2000.

Smith, SLL, D.D. MacDonald, K.A. Keenleyside, C.G. Ingersoll, and L.J. Field. 1996.
MacDonald, D.D. R.S. Carr, F.D. Cdder, E.R. Long, and C.G. Ingersoll. 1996.
Long, E.R., D. D. MacDonad, S.L. Smith, and F.D. Cader. 1995.

El A

MacDonald et al. (2000) and Smith et al. (1996) both deal with freshwater sediments, and are
therefore most appropriate for evaluation of Lake Okeechobee sediments. Data from both
MacDonald et a. (1996) and Long et a. (1995) are more relevant to marine and estuarine
sediments. However, PDS sediment concentrations were also compared to screening values
from both these sources, to determine if conclusions reached through comparison with
freshwater screening values were consistent regardless of the screening value source.

Sediment metal concentration were also compared to FDEP soil cleanup target levels (FAC 62-
777) to determine if the sediments could be eligible for land application following the
completion of the pilot dredging project.

Final Report Dec 2002
4-10



1T 1odsy feuly
LT> 0G9> 089> 059> mp Bx/Bn 10jyoAxoyis N
L T> 059> 089> 059> mp Bx/6n auepio|yD-ewweb
L T> 059> 089> 059> mp B/6n auepio|yD-eydfe
ce> OcT> OeT> OcT> mp B/6n au0Je) ULpUT
0.T> 0059> 0089> 0059> mp Bx/Bn auaydexo]
L T> 059> 089> 059> mp Bx/Bn apixoda JojyoeldaH
L T> 059> 089> 059> mp Bx/Bn lojyoeidaH
c'e> OET> OcT> OET> mp Bx/Bn apAyapre uupu3
c'e> OET> OcT> OET> mp Bx/Bn uupu3
ce> OcT> OeT> OcT> mp B/6n dley|ns uejnsopuz
c'e> OET> OcT> OET> mp Bx/6n uuplala
ce> OeT> OcT> OeT> mp B/6n aaa-v'v
ce> OcT> OcT> OcT> mp B/6n 3aa-v'v
ce> OcT> OeT> OcT> mp B/6n I uejinsopuz
L T> 059> 089> 059> mp B/6n | uejnsopug
ce> OcT> OcT> OcT> mp B/6n 1aa-v'v
L T> 059> 089> 059> mp Bx/Bn OHg-elep
L T> 059> 089> 059> mp Bx/Bn (suepur) oHg-ewweh
L T> 059> 089> 059> mp B/6n JHg-e19q
L T> 059> 089> 059> mp Bx/Bn OHg-eydie
L T> 059> 089> 059> mp Bx/6Bn uuplvy

S9pIdl1sed wc_._o_r_oOCMOhO
0'G> 06T> 00z> Ooz> mp B/6n uoiniqg
S9pIdI1Sad ealN pue aleweqire)d
(a1e011dNg D0)

jue|g poyen 20Sdd 10SAd 10SAd suun 31h[euy

(sap1onsad) sluswIpas SAd Jo uolezialdeseyd [edlway - ajgel




200¢ 3=°d A4 1100y [eul

oce> 0002T> O00ET> O00ET> mp B/6n 81BU0IO|YIL |
€e> oozT> O0ET> O0ET> mp Bx/6n (sojoiyioid) uoyinyo1
LT> 0G9> 089> 099> mp B/6n (ereydsoydoiAdoiyp |Ayreenal) ddaroyns
ee> O0zT> O0ET> O0ET> mp Bx/6n (soyduiniolyoena] ) soydoins
€e> 00zT> O0ET> O0ET> mp Bx/6n [suuoy
€e> 00zT> O0ET> O0ET> mp B/6n ajeioyd
0ce> 0002T> O00ET> O00ET> mp Bx/6n pareN
oce> 0002T> O00ET> O00ET> mp Bx/Bn soydolo1ououo
99> 00sz> 009z> 009z> mp Bx/Bn soyduinaiy
LT> 0G9> 089> 099> mp B/6n uolyresed |ALpain
€e> oozT> O0ET> O0ET> mp Bx/Bn soydiay
€e> oozT> O0ET> O0ET> mp Bx/6n uoljua
0ce> 0002T> O00eT> O00eT> mp Bx/6n uolyioynsua-
LT> 0G9> 089> 099> mp B/6n doidoyiz
99> 00sz> 009z> 009z> mp B/6n uoloynsiqa
99> 00sz> 009z> 009z> mp Bx/Bn soAalo|yIQ
€e> 00zT> O0eT> O0ET> mp Bx/Bn uouizelq
€8> 00ze> ooge> ooze> mp B/6n uolewad
oce> 000ZT> O00ET> O00eT> mp Bx/Bn soydewno)
€e> 00zT> O0ET> O0ET> mp Bx/Bn sojuAdiolyd
ce> 00zT> O0ET> O0ET> mp B/6n (sojouiding) Jersjog
99> 00sz> 009z> 009z> mp B/6n [Aylsw soyduizy
€e> oozT> O0ET> O0ET> mp Bx/6Bn uolyrerey
€e> 00zT> O0ET> O0ET> mp Bx/6Bn uolyrered |Ay13
€e> 00zT> O0ET> O0ET> mp B/6n Nd3
99> 00sz> 009z> 009z> mp B/6n aleoylswiq
saplonsad snioydsoydouebhio
(a1e011dNg D0)
jue|g poyen 20Sdd 10SAd 10SAd suun 31h[euy

(sap1onsad) sluswIpas SAd Jo uolezialdeseyd [edlway - ajgel



200¢ 3=°d el-v 1100y [eul

"T00-G6-9-E28Vd3 "uonen[eAd [eLarelN pabpaiq 404 anssiL pue ‘1aJepn JUBWIPaS Jo sisAfeuy pue Buidwes Joj 8ouepind "JOVSN Pue Vd3Isn
200-€6-4-€28 Vd3 "sasAfeuy pue Buijdwes ysi4 T [OA ‘SALOSIADY USId Ul 95 10} Ble JUBUILEIUOD [e9IWayD BUISSasSY 10} 0UBpIND "€66T 'VdISN

‘sasAfeue apioigiay pue apionsad ays jo Aiufenb ayj 10aye

J0u pjnoys sajdwes asayl uo sawn Buipjoy 0 aduepasdxa ayl leyl luswabpnl reuoissajoid 1S8q INO SI1| "SBIRLINID J0 ‘SBNSSI] ‘SIUBWIPSS 10}

el awn Buipjoy paseg-Ajfeaunualos ‘parebinwold ou ale alayl "ainyeu ul 21Uy} UBY) Jayrel aAleIISIUIWpe SaWNaWOos S| eyl asuepinb uo

paseq ale sanssi) pue ‘Jalem ‘sjusawipas o) sawin Buipjoy "t . (S66T) Yd3 ul pajou sy “awin Buipjoy Aep-{T usAup Alore|nbal ay) puoAaq sasAfeue
o} ayes pinom ‘A‘jarendoldde palois are Aay) se Buo| se ‘sapioiqiay pue sapionsad reyr Aldwi pjnom a160j Jejwis  (£66T ‘Yd3) Jeak auo se Huo)

Se 10} pjay aq ued sojdwes asay ‘ajdwexa 1o} Sanssi 1o} ‘suonnpuod abeiols Jadoid Japun "D HBap 1 1e paurelurew ase sajdwes ay) se Buo| se

sAep T uey) 1abuo| yonw Joj ajgels Ajgeuoseal are sapioiqiay pue sapionsad ‘sajdwes asay) 1o} papaadxa sem awn Buipjoy Aep-1T ayl a|iymn :@10N

"awn Buipjoy paiinbal poyiaw sy} apIsIN0 pazAfeue pue pajoelixa alom sajdwes = O

ce> ozT> OeT> OeT> mp B/6n weloold
000Z> 0009/.> 00008> 0008.> mp B/6n [p1oe o1ouedold-(AxousydjAyiaw-g-010jyd-v)-zlddOW
loooz> 0009/> 00008> 0008.> mp 6x/6n [p1oe ana2e-(Axouayd|Ayiaw-g-010yd-¥)lvdOW
[loot> 008e> 000> 0O06€> mp B/6n gasoulq
[loot> 008¢e> 000> 006> mp B/6n doudoiojydiq
[loz> 09.> 008> 08.> mp B/6n equieslq
000Z> 0009/.> 00008> 0008.> mp B/6n uodeleq
ge> O0ET> OovT> OopT> mp B/6n uozejuag
LT> 059> 089> 099> mp B/6n Jousydoiojyoeiuad
c'g> Oze> oge> Oze> mp B/6n 1-6'%'¢
c'g> Oze> oge> Oze> mp B/6n aa-v'g
c'g> Oze> oge> Oze> mp B/6n a-v'z
c'g> Oze> oge> Oze> mp B/6n (xeAIIS) dL-S't'e
SopIdiIgqiaH paleuliojyd
(a1e011dNg D0)
jue|g poyen 20Sdd 70Sdd 70Sdd suun a1heuy

(sap1onsad) sluswIpas SAd Jo uolezialdeseyd [edlway - ajgel




2002 %23 14%% Loday [euld
‘paloadxa ale s108y8 [jnjuey Ydiym aA0ge UoITe)juaduod ayl "a°1 ‘uoienuadsuo) 19843 s|qeqold = D3d
‘pa10adxa 10U aJe S}0aY8 |INjWIRY YIIYM MOJS] UoIRIUSIUO0I 8y} "9'l ‘uoeluaduo) 10ay3 pjoysaiyl = D31
‘abuel 1098Y8 asIaApe 8y} Jo anuadlad Yl0g ayl suasaldal yaiym ‘uelpain-abuey sioay3 = N-H3
-abuel 1098y asIaApe sy} Jo ajnuadiad Yi0T sy swasaldal yoiym ‘mo-abuey s1eyg = 1-43
‘paloadxa ale S}08ya asIaApe YIIYyM SA0Je UOIRIUSIUO0D dANR|a) 3yl "a'l ‘[9AaT 10813 a|geqold = 13d
‘pa1oadxa 10U aJe S1089Y8 3SISAPE UYJIYM MO[SQ UOIRIUSIUOD SAIR[8I 8Y) 9'l ‘[9A87 10943 pjoysalyl = 131
Jwi uoneyuenb [eonoeid pue Wi UOD3IBP UBBMIB( JNSBY = |
}WI| UoNIBIBP MOJq NSBY = N
000 N+00 ¥0°0 N+00 N+00 /6w [ieremalod 81NN + 8l_lIN
G6'Y €6°E 09'¥ YR G6't 7/6w |1eremalod wniuowwy|
600 600 900 100 S0°0 /6w |1eremalod snioydsoyd paAjossIq [el10L
900 900 €00 €00 €00 /6w |1eremalod snioydoyd aAnoeay a|anjos
ON |[ste ON [ezt 06'6€ 08'8T or'TE 0622 06'6€ Byy/bw [uswipas aulz
€T0 110 210 €T0 0T0 Byy/bw [uswipas JENTES
0z'¢ nNet 08T or'T 0z¢ By/Bw |uswipas wniua|ds
ON [og ON |81 06°€T 009 0£0T 0.9 06°€T Byy/bw [uswipas [9XOIN
S3aA 9810 Saa  [viT0 0S50 120 9€e0 220 050 By/Bw | uswipes JSTRYET
ON |£7T6 ON |[se 09'S2 or'6 Ge'8T 0T'TT 09'S2 Byy/bw [uswipas pea
00'007SZ |00°002€T  |00°0586T [0000€¥T  [00°0OVSZ By/Bw | Juswipes uolj
ON €61 ON |zag 0.1 00'TT 0T ¥T 06°0T 0.1 By/Bw | uswipas Jaddod
ON |o6 ON g€ 01’12 0Z'LT 0002 06'8T 01’12 Byy/bw [uswipas wniwoiyd
ON |ese SaA  [90 09T 080 0gT 00T 09T Byy/bw [uswipas wniwped
000 190 GL0 190 160 By/Bw | uswipas wnijihiag
ON LT S3IA |65 0Z'6 ov'v or'L 09°'S 02'6 By/Bw | uswipas RIES
000289  |00°0009 00°06€9 00°0289 00°0965 Byy/bw [uswipas wnuiwn|y|
000079  |00°028¢€ 00°0661 00°08S€ 00°00%9 Byy/bw [uswipss snioydoyd [eo ]
00°0080T |00°0£29 00°0588 00°0069 00°0080T /6w [uswipss usbo.N el
0T'.T 0T'.T 668 829 0LTT By/Bw | uswipss 81NN + 8l_lIN
00°0080T |00°0TZ29 00°0588 00°0069 00°0080T By/Bw | uswipes uabouiN |yep|aly el
00°000022 |00°0000€T [00°000S9T [00°000022 [00°0000TT | Bx/Bw |wawipas uogue) oluebliQ el
121 012’1 Z6T'T G6T'T 88T'T cwo/b [wswipas Aisus@ ing
0£°08 0z'L. 00'6. 0L LL 0£°08 % |luswipes 1USIU0D BIMSION
¢ SpavIXxd 13d ¢(SpavIXxd 131 (BAy) (e1R011dNQ)
(966T e 18 YHWS) SIuaWIpas Jayemysaid Xen 20sdd 70SAd 10SAd 10Sdd | suwun | xulew a1h[euy

saneA BuIusa10S 1USWIPSS YlIM SUOITRIIUS2UO0D JUBWIPas Jo uosiedwo)

( soluefiou) sjuswipas SAd JO uoleziialoerey)d [ealway)d -y ajgel




200z %@ STV 1oday [euld
‘pa1oadxa ale s109y8 [njuey Ydiym aA0ge UOITejuaduod ayl "a°1 ‘uoienuads’uo) 19843 s|qeqold = D3d
‘pa10adxa 10U aJe S}0aY8 |INJWIRY YIIYyM MOS] UoIRIUSIUO0D 8y} "9'l ‘uoieuaduo) 10ay3 pjoysaiyl = D31
‘abuel 1098Y8 asIaApe 8y} Jo anuadlad Yl0G syl suasaidal yaiym ‘uelpain-abuey sioay3 = N-H3
-abuel 10988 asIaApe 8y} Jo ajnuadiad YiQT sy swasaldal yoiym ‘moT-abuey s1eyg = 1-43
‘paloadxa ale s)o8ya asIaApe YdIyM SA0JEe UOIRIUSIUO0D dANR|a) Y] "8’ ‘[9AaT 10813 a|geqold = 13d
‘pa1oadxa 10U aJe S198Y8 3SISAPE UYJIYM MO[SQ UONRIUSIUOD SAIR[8I 8Y) 9'l ‘[9A87 10943 pjoysalyl = 131
Jwi uoneuenb [eanoeid pue Wi UOD3IBP UBBMIB( JNSBY = |
Hwi| UONOBIBP MOISQ INSBY = N
000 N+00 ¥0°0 N+00 N+00 /6w [ieremalod 81N + 8l_lIN
G6'Y €6°E 09'¥ YA G6't /6w |1eremalod wniuowwy|
600 600 900 100 S0°0 /6w |1eremalod snioydsoyd paAjossIq [el10L
900 900 €00 €00 €00 /6w |1eremalod snioydoyd anioeay a|qn|os
ON [122 ON [pet 06'6€ 08'8T or'TE 0622 06'6€ Byy/bw [uswipas oulZ
ON [z277 ON [ez0 €T0 110 Z10 €T0 0T'0 Byy/bw [uswipas JENTES
022 nNet 08T or'T 0z¢ By/Bw | uswipas wniua|ds
ON |[82v ON [67aT 06°€T 009 0£0T 0.9 06'€T Byy/bw [uswipas [®2IN
ON |20 Saa  [eTo 0S50 120 9€e0 220 050 Bx/bw [uswipss AIndssy
ON [zt1 ON |zog 09'S2 or'6 Ge'8T 0T'TT 09'Gz Byy/bw [uswipas pea
00'007SZ |00°002€T  |00°0586T [0000€¥T  [00°0OVSZ Bx/bw [1uswipss uoJ|
ON [s0T ON [z81 0.1 00'TT 0T vT 06°0T 0.1 By/Bw |uswipss laddoD
ON |09t ON |ezs 01’12 0Z'LT 0002 06'8T 0T'1Z Byy/bw [uswipas wniwoiyd
ON [t2v S3aA  [890 09T 080 0T 00T 09T Byy/bw [uswipas wniwped
000 190 GL0 190 160 By/Bw | uswipas wnijiA1ag
ON |91V san  [vz2 0Z'6 ov'v or'L 09°'S 0z'6 Byy/bw [uswipas RIES
00°0z89  |00°0009 00°06€9 000289 00°0965 Byy/bw [uswipas wnuiwn|y
000079  |00°028¢€ 00°0661 00°08S€ 00°00%9 Byy/bw [uswipss snioydoyd [eo ]
00°0080T |00°0£29 00°0588 00°0069 00°0080T /6w [uswipss usbo.N el
0T'.T 0T'.T 668 829 0LTT By/Bw | uswipss 81NN + 8l_lIN
00°0080T |00°0TZ29 00°0588 00°0069 00°0080T Bx/bw [uswipss uabouiN |yep|aly el
00°000022 |00°0000€T [00°000S9T [00°000022 [00°0000TT | Bx/Bw |wawipas uogued d1uebliQ e
121 0127 Z6T'T G6T'T 88T'T cwo/b |uawipas Aisus@ ing
0€08 0z'L. 00'6. 0L LL 0£°08 % |luswipes 1UIU0D BINISION
¢ SpavIXxd 13d ¢(SpavIXxd 131 (BAy) (e1R011dNQ)
“e 18 pleuogoe) SIUBWIPaS [e1Se0D T4 Xen 20sdd 10Sdd 10Sdd 10Sdd | suwun | xulew a1hjeuy

saneA BuIusa10S 1USWIPSS YlIM SUOITRIIUS2UO0D JUBWIPas Jo uosiedwo)

( soluefiou) sjuswipas SAd JO uoleziialoerey)d [ealway)d -y ajgel




200z %@ 9T 1oday [euld
‘pa1oadxa ale s109y8 [njuey Ydiym aA0ge UOITejuaduod ayl "a°1 ‘uoienuads’uo) 19843 s|qeqold = D3d
‘pa10adxa 10U aJe S}0aY8 |INJWIRY YIIYyM MOS] UoIRIUSIUO0D 8y} "9'l ‘uoieuaduo) 10ay3 pjoysaiyl = D31
‘abuel 1098Y8 asIaApe 8y} Jo anuadlad Yl0G syl suasaidal yaiym ‘uelpain-abuey sioay3 = N-H3
-abuel 10988 asIaApe 8y} Jo ajnuadiad YiQT sy swasaldal yoiym ‘moT-abuey s1eyg = 1-43
‘paloadxa ale s)o8ya asIaApe YdIyM SA0JEe UOIRIUSIUO0D dANR|a) Y] "8’ ‘[9AaT 10813 a|geqold = 13d
‘pa1oadxa 10U aJe S198Y8 3SISAPE UYJIYM MO[SQ UONRIUSIUOD SAIR[8I 8Y) 9'l ‘[9A87 10943 pjoysalyl = 131
Jwi uoneuenb [eanoeid pue Wi UOD3IBP UBBMIB( JNSBY = |
Hwi| UONOBIBP MOISQ INSBY = N
000 N ¥0°0 700 N ¥0°0 N ¥0°0 /6w |1eremalod SN + S1.AIN
G6'Y €6'€ 09t YA G6'Y /6w [ieremalod wniuowwy|
600 600 900 100 S0°0 /6w [ieremalod snioydsoyd panjossiq [e10L
900 900 €00 €00 €00 /6w [ieremalod snioydoyd anioeay a|qn|os
ON |ott ON [ost 06'6€ 08'8T ov'TE 0622 06'6€ By/Bw | uswipas oulZ
ON |[z¢ ON |t €10 110 Z10 €10 0T'0 By/Bw | uswipas 1BAIS
022 nNet 08T or'T 0z¢ By/Bw | uswipas wniua|ds
ON (9718 ON (602 06'€T 009 0€0T 0.9 06'€T By/Bw | uswipas [®2IN
ON [t20 SaA  [sTO 050 12°0 9€°0 220 0S50 Bx/bw [uswipss AinoJsiy
ON (812 ON [z9v 09'GZ or'6 Ge'8T oT'TT 09'Gz By/Bw |uswipas pea
00°00vSz |00°00Z€T  [00°0S86T [00°00€¥T  [00°00%SZ Bx/bw [1uswipss uoJ|
ON [ozz ON [ve 0.1 00'TT 0T vT 06°0T 0€'LT By/bw [uswipss laddoD
OoN |oze ON (18 0T'1Z 0zZ'LT 0002 06'8T 0T'12 By/Bw | uswipas wniwoiyo
ON |96 CEVN A 09T 080 0€'T 00T 09T By/Bw | uswipas wniwped
000 190 GL0 190 160 By/Bw | uswipas wnijiA1ag
ON [0z S3aA  [z8 0z'6 ov'v or'L 09'S 02'6 By/Bw |uswipas RIES
00°0z89  |00°0009 00°06€9 000289 00°096S By/Bw | uswipas wnuiwn|y
0000v9  |00°0.8€ 00°0661 00°08G€ 00°00%9 By/Bw | uswipas snioydoyd [ejoL
00°0080T [00°0£.9 000588 00°0069 00°0080T /6w | wawipss uabouN relol
0T'.T 0T'.T 66'8 829 0LTT By/Bw | uswipss SN + S1.AIN
00°0080T [00°0TZ9 000588 00°0069 00°0080T Bx/bw [uswipss uabolIN |yep|a eoL
00°0000ZZ [00°0000€T [00°000S9T [00°0000ZZ [00°0000TT | B/Bw |Iwswipes uogued d1uebliQ e
121 0127 Z6T'T G6T'T 88T'T cwo/b |uawipas Auisua@ ying
0€08 0zZ'LL 00'6. 0,11 0€°08 % |luswipss 1UIU0D BINISION
(SPeddX3 | IN-Y3 | £SPIddXd IR=E| (BAy) (e1R011dNQ)
(G66T ‘e 1@ Buo7) YVON Xen 20sdd 10Sdd 10Sdd 10Sdd | suun | xurew a1hjeuy

saneA BuIusa10S 1USWIPSS YlIM SUOITRIIUS2UO0D JUBWIPas Jo uosiedwo)

( soluefiou) sjuswipas SAd JO uoleziialoerey)d [ealway)d -y ajgel




2002 %23 LTV 1oday [euld
‘pa1oadxa ale s108y8 [jnjuey Ydiym aA0ge Uoe)juaduod ayl "a°1 ‘uoienuads’uo) 19843 s|qeqold = D3d
‘pa10adxa 10U aJe S}08Y8 |INJWIRY YIIYM MOS] UOIRIUSIUO0I 8y} "9'l ‘uoieuaduo) 10ay3 pjoysaiyl = D31
‘abuel 1098Y8 asIaApe 8y} Jo anuadlad Yl0G syl sluasaldal yaiym ‘uelpain-abuey sioay3 = N-H3
-abuel 10988 asIaApe sy} Jo ajnuadiad Yi0T sy swasaldal yoiym ‘mo-abuey s1oeyg = 1-43
‘paloadxa ale S)08ya asIaApe YdIyM SA0Je UOIRIUSIUO0D dANR|a) Y] "a'l ‘[9AaT 10813 a|geqold = 13d
‘pa1oadxa 10U aJe S198Y8 3SISAPE UYJIYM MO[SQ UONRIUSIUOD SAIR[8I 8Y) 9'l ‘[9A87 10943 pjoysalyl = 131
Jwi uoneuenb [eonoeid pue Wi UODBIBP UBBMIB( JNSBY = |
Hwi| UONOBIBP MOISQ INSBY = N
000 N+00 ¥0°0 N+00 N+00 /6w [ieremalod 81N + 8l_lIN
g6V €6°E 09'¥ YA G6'Y /6w [ieremalod wniuowwy|
600 600 900 100 S0°0 /6w [ieremalod snioydsoyd paAjossIq [e10L
900 900 €00 €00 €00 /6w [ieremalod snioydoyd anioeay a|qn|os
ON 6GY ON 12T |o6'6€ 08'8T or'TE 06'2¢ 06'6€ By/Bw | uswipas oulZ
€T0 110 Z10 €T0 0T0 By/Bw |uswipas JENTES
0z'z nNet 08T or'T 0z'z By/Bw |uswipas wniua|ds
ON 9'8y ON L2z |oeET 009 0£0T 0.9 06'€T By/Bw |uswipas [OIN
ON 90'T S3A 8T0 [0S0 120 9€'0 zz0 0S50 By/Bw | uswipss AinoJsiy
ON 8Z1 ON g'se |o9'se or'6 Ge'8T oT'TT 09'G2 By/Bw | uswipas pea
00'007SZ |00°002€T  |00°0586T [0000€¥T  [00°0OVSZ By/Bw | uswipss uou|
ON 6vT ON 91e  |ogLT 00'TT 0T vT 06°0T 0.1 By/Bw | uswipss laddoD
ON 11T ON ver  [oT12 0Z'LT 0002 06'8T 0T'12 By/Bw | uswipas wniwoiyd
ON 86'Y S3A 660 [09T 080 0T 00T 09T By/Bw |uswipas wniwped
000 190 GL0 190 160 By/Bw |uswipas wnijiA1ag
ON e ON 6.6 |0Z6 ov'v or'L 09°'S 02’6 By/Bw |uswipas RIES
000289  |00°0009 00'06€9 00'0289 00'0965 By/Bw |uswipas wnuiwn|y
000079  |00°0.8€ 00°066% 00°08S€ 00°00%9 By/Bw |uswipas snioydoyd [eo ]
00'0080T |00°0£.9 00'0588 00°0069 00°0080T /6w [wswipss uabouN relol
0T'.T 0T'.T 668 829 0LTT By/Bw | uswipss 81NN + 8l_lIN
00°0080T |00°0T.9 00'0588 00'0069 00°0080T By/Bw | uswipss uabouiN |yep|aly el
00'000022 |00°0000€T |00°000S9T |[00°00002Z [00°0000TT | BX/Bw |iwawipss uogued d1uebliQ e1o ]
121 0121 Z6T'T G6T'T 88T'T cwo/b [wawipas Aisus@ ing
0€'08 0z'L. 00'6. 0,11 0£°08 % |luswipes 1UIU0D BINISION
¢Spaadxy 03d ¢Spaadxy O3l (BAvy) (e1R011dNQ)
(0002 "[e 3 preuogoeiN) O3L J8jemysald Xen 20sdad 10Sdd 10sdad 10Sdd | suwun | xulepw alAfeuy

sanjeA BuIueaI0S 1USWIPSS YlIM SUOITRIIUS2UO0D JUsWIPas Jo uosiedwo)

( soluefiou) syuswipas SAd JO uoleziialoerey)d [edlway)d -y ajgel




200Z %=d 8T-¥ 1iodsy feuld

LI uoirelnuenb eanoeid pue Wi UOND3ISP USBMIS( )NSaY = |

Jwi| UoNI3BP MOJ3g JNSaY = N

¥0'0 N 00 ¥0'0 N 00 N 00 /6w SIUN + SJeIN

09’y €6'€ 09y Se'y S6'y /6w winuowwy|

600 600 900 100 500 /6w snioydsoyd paAjossIq [e1oL

900 900 €00 €00 €00 /6w snioydoyd aAnoeay a|qnjos

ON 00°000095 ON 00'000€Z  |Ov'TE 08'8T 0v'TE 06'¢2 06'6€ Bx/6w ouiZ,
ON 00'00T6 ON 00'06€ A% TT°0 20 €T'0 0T'0 B/Bw JIBAIIS
ON 00°0000T ON 00'06€ 08'T NeT 08'T or'T 0c'e B/Bw wnius|es
ON 00'00082 ON 00'0TT 0€'0T 00'9 0€'0T 0,9 06'€T B/Bw [9X9IN
ON or's ON 08'0 9g'0 120 9€'0 2e0 0S'0 Bx/6w STRIE|
ON 00'026 ON 00°00% Ge'8T or'6 GE'8T 0T'TT 09'52 B/Bw pea||
ON 00°00008# ON 00'000€Z  |00°'0586T [00°002€T  |00°0S86T [00°00EYT  |00°00%S2C Bx/6w uouff
ON 00°0009. ON 00°0TT 0T'v1 00'TT 0T'¥1 06°0T 0€'LT B/6w 1addof
ON 00'02¥ ON 00'012 00'02 0C'L1 00'02 06'8T 0T'T2 B/Bw wnjwoiydl
ON 00'00€T ON 00'S. 0€'T 08'0 0€'T 00'T 09'T B/Bw wniwpeD|
ON 00'008 ON 00'02T S0 19°0 S.°0 19°0 160 Bx/6w wnijjAleg
S3A 0L'€ s3A  [os0 ov'L or'v ov'L 09'S 02'6 B/Bw RIVER
ON 000002, |00°06€9  |00°0009 00'06€9  [00°0289 00'0965 Bx/6w wnuiwn|y|

000667  [00°0.8€ 000667  [00°085€ 00'00v9 B/Bw snioydouyd [e10L

000588  |00°0€.9 000588  [00°0069 00°0080T /6w uaBo.IN [el0L

0T'/T 0T'LT 66'8 82'9 0L'TT Bx/6w QAN + SJelIN
00'0588  |00°0T/9 00°0588 00°0069 00'0080T Bx/6w uaboIN |yepaly reoL|
00'00059T [00°0000€T [00°00059T [00°00002¢ [00°0000TT | Bx/Bw uogJed d1uebiQ [ejo L
12T 12T 6T'T 0C'T 6T'T gwo/6 Ausuaa ying|
00'6. 02, 00'6. 0,11 0£'08 % JudU0D daNSIoN||

¢Spaaox3 | reuisnpul | ¢spesox3 (fenuapisay (BAY) (ereo1jdnq)

(222-29 DV4) sjana 18h1e] dnuea|) |10S Xen c0sdad 10Sdd T0Sdad T0Sdd suun a1hleuy __

(222-29 DV4) s|ene71861e] dnuea|d |10S YliMm SUOITRIIUSIUOD JUBWIPSS JO uosiiedwo)

(soluebiou]) syuawiIpas SAd JO uoneziisloeiey) [ealwayd - a|gel



L ake Okeechobee Pilot Dredging Project

4.2.2 Discussion

Smith et al. (1996) and MacDonald et al. (1996) proposed the concept of Threshold Effect
Levels(TEL) and Probable Effect Levels (PEL), which are reflective of concentrations below
which adverse effects are not expected (TEL ), or above which adverse effects are expected
(PEL). Analogous termsfound in Long et al. (1995) are the Effects Range-Low (ER-L) and
Effects Range-Median (ER-M ), which represent the 10" and 50™ percentile of adverse effect
range data respectively.

MacDonald et al. (2000) integrated many of the existing publications on freshwater sediment
toxicity, and reevaluated the selection process to develop what was termed the consensus
screening value. Two concepts were proposed by the authors; the Probable Effect
Concentrations (PEC), which are intended to identify contaminant concentrations above which
harmful effects on sediment-dwelling organisms are expected, and the Threshold Effect
Concentrations (TEC), which were defined as concentrations below which harmful effects on
sediment-dwelling organisms are not expected.

Significant observations from physical and chemical characterization of PDS sediments are
presented in Chapter 9.

43 BENCH-SCALE TESTING
The primary objectives of the sediment bench-scale testing program were:

1. To obtain information on the settling and consolidation properties of the site-specific
sediments, and
2. Toevauate aternative sediment dewatering and water-treatment technol ogies.

Bench-scale tests were conducted at EA’s in- house laboratory using aliquots of bulk sediment
samples collected in August 2001. A second round of bulk sediment sampling was conducted in
January 2002, to provide additional volumes needed to complete the testing. Note that aliquots
of only the fluid-mud fraction of the sediment column were used in these tests. In addition to
testing conducted at EA’s in-house laboratory, portions of the bulk sediment samples were also
shared with two commercial vendors to demonstrate effectiveness of their water-treatment
technologies.
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The bench scale testing program included the following tests:

Column Settling and Flocculent Settling Tests— were conducted to evaluate the rate at which
solids in a simulated dredged slurry would separate from the liquid phase and settle at the
bottom. The testing was conducted using an 8 in [20 cm] inner diameter x 8%2 ft [2.6 m] in
height settling column, which was loaded with an aliquot of the site-specific mock dredge slurry
with a solids concentration of 159 g/L. Aliquots used for the settling test consisted of fine-
grained material (lessthan No. 200 sieve). Coarse-grained (greater than No. 200 sieve) material
present in the sample was hydraulically separated prior to introducing the sample into the settling
column. Compressed air was introduced from the bottom of the column to put the mixture into a
uniform suspension. Once the mixture was thoroughly mixed, the air supply was shut off and the
sample was allowed to undergo natural settling. Slurry was alowed to settle until the interface
level was of sufficient depth to allow sample collection without disturbing the interface.

Settling test dataindicated that it would take up to 2 days of undisturbed natural settling in a
CDF to produce a supernatant in the 40 to 50 mg/L range TSS that could then be used as a
feedstock for a water treatment process aimed at reducing total phosphorus concentrations.

Compression Tests —were conducted in parallel with the column settling tests to measure the
volume associated withthe solids layer after settling occurs.  Compression test measurements
were obtained during the column settling test by recording the interface height and average solids
concentration over a period of 15 days. Slurry concentrations for various interface heights were
calculated mathematically. The interface heights were plotted against time to develop a height

vs. time curve and the average solids concentration was plotted against time to determine the
compression settling rate. Test dataindicates that compression settling started after
approximately 9 days, when the average solid concentration reached approximately 270 g/L.

Column Consolidation Test - Thistest provided information on the consolidation (i.e.
compaction) properties of the simulated dredged slurry. Two separate scenarios (single drainage
to the top and double drainage to top and bottom) were evaluated. Test results indicated that
double drainage failed to improve the consolidation properties of the mass, and single drainage
towards the surface was the predominant drainage mode leading to sediment consolidation.

Chemical Clarification Tests —were used to determine effectiveness of various coagulants,
flocculants, and/or polymers to treat the water that separates from the dredged materia
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(supernatant or dredging effluent). These tests provided information on the most effective
chemical to be used in treating the supernatant water; optimum dosage; optimum feed
concentration; effects of dosage on removal efficiencies; effects of influent contaminant
concentrations on removal efficiencies; effects of mixing conditions; and effects of settling
times. Testing was aimed at reducing TSS concentrations to the lowest possible level (=29
NTU) and total phosphorus concentrations to below 40 ug/L.

Since zone settling properties of the primary effluent had previously shown that the supernatant
naturally achieved low TSS concentration within 48 hours of settling (40 to 50 mg/L), the
clarification tests focused on reducing total phosphorus concentrations. Testing involved
subjecting the supernatant to chemical precipitation followed by treatment with an anionic
polymer as described below.

Chemical Precipitation Tests — The objective of this testing was to evaluate the effectiveness of
using a coagulant and a flocculating agent in reducing total phosphorus concentrations in the
supernatant to below 40 pg/L. Prosand cons of severa different chemical agents were evaluated
including use of alum and ferric salts, both of which have been previously shown to be effective
in reducing total phosphorus concentrations to below 40 ug/L. Use of alum salts was ruled out
due to potentia for biotoxicity and it was concluded that iron (I11) chloride hexahydrate (97%,
A.C.S. reagent FeCk- 6H,0) was the most suitable coagulant for the chemical precipitation tests.
NALCLEAR 8184 (a high molecular weight polymer), manufactured by Nalco Chemical
Company was selected as the flocculating agent. A target Fe:P molar ratio of 145:1 was
selected based on previous District study?®.

Dewatering With Geotubes — Geotextile fabric GeoTex 1016T (apparent opening size was less
than the #50 sieve) was evaluated for ability to dewater the ssmulated dredged materials. A four
feet high column was prepared by mounting a sample of the test filter fabric at the base of a
vertical tube. Mock slurry with a TSS concentration of 131 g/L was poured into the column and
the total height of the durry and the volume of filtrate passing the fabric membrane were
measured at 0 hours, 1 hour, 3 hours, 6 hours, 12 hours, and 18 hours. Theinitia flow rate of
the filtrate across the filter fabric was measured as 2.2 mi/hour/cn?. After the first hour, the flow
across the filter had decreased to 0.5 mi/hour/cnf. After 12 hours, the flow across the

3Chemical Treatment Followed by Solids Separation Advanced Technology Demonstration Project.” Final Report
prepared by HAS Engineers & Scientists for the South Florida Water Management District (Contract # E10650).
Dec 2000.
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membrane ceased due to the development of an impermeable filter cake on the filter fabric. It
was therefore concluded that Geotubes using this filter fabric would not be suitable for
dewatering L ake Okeechobee sediment slurries.

Silica Micro Encapsulation Test (conducted by KEECO, Inc.) — The objective of this testing
was to determine the effectiveness of the Silica Micro Encapsulation (SME) process to reduce
phosphorus levels in a simulated dredge effluent. The SME technology — patented by Klean
Earth Environmental company (KEECO) of Lynwood, WA, had been previously shown to be
very effective in reducing contaminant concentrations in waters and sediments by as much as
three orders of magnitude. Testing involved treating mock effluent samples with the patented
additive(s) and testing total phosphorus concentrations before and after the addition. The
additives work by encapsulating contaminant molecules in an inert matrix resulting in a product
that is permanently stable and impervious to environmental degradation. Test results indicated
the SME additive was very effective in reducing total phosphorus concentrations to below 40

ug/L.

Results of the bench-scale tests were used to finalize the engineering design of the CDF and
develop a conceptual design for the pilot water treatment system.

Additional details on the methodology used during bench-scale testing and test results are
contained in the Lake Okeechobee Pilot Dredging Project — Bench Scale Testing Report (EA,
2002b). Significant observations from the bench-scale testing are presented in Chapter 9.
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50 PILOT DREDGING
5.1 INTRODUCTION

Prior to starting the field demonstration, the PDS was delineated by installing ten steel H-piles,
40 ft [12.19 m] in length, in a NW/SE direction offset from the northern and southern boundaries
of the PDS. The pilings were installed in two parallel rows at 105 ft [32 m] spacing: five along
the northern and five along the southern boundary. The pilings were marked with caution signs
and were provided with flashing lights in accordance with the U.S. Coast Guard (USCG) aids to
navigation regquirements. Manatee warning signs were aso posted at the PDS and CDF to ensure
that the mammals were adequately protected if they happen to enter the work area.

The dredging operations, initially planned for 10 days, were extended to 23 days (May 12 to May
29, 2002) due to unforeseen weather and wave conditions that required additional equipment and
manpower to provide a safe working environment. The hull size of the prototype dredge (26 ft x
8 ft [7.9 m x 2.4 m]) and the associated floating transfer lines—compared to what would be used
for afull-scale dredging operation needed for L ake Okeechobee—Ieft the operation notably
vulnerable to rough lake conditions. Moreover, due to Lake Okeechobee' s large size and very
shallow depth significant wave action can quickly build up under even moderate winds. Wave
heights of 2 ft — 4 ft [0.6 m-1.2 m] occurred regularly with wind velocities ranging from 12 kts —
20 kts. These conditions prevailed throughout most of the operating period. Sustained winds
below 12 kts were only observed in three of the 23 days of the dredging operations. These lake
conditions made operation of the dredge and adjustments for the position of the travel cablesto
which the dredge was attached both difficult and, at times, dangerous. Thirteen days were either
lost entirely or consumed in dealing with the effects of these conditions. Table 5-1 summarizes
activities undertaken during each workday of the field demonstration.

To safely and reliably operate the dredge and associated transfer lines, we found it necessary to
obtain and position three large spud barges (platform barges equipped with two anchor pilings).
The spud barges were approximately 120 ft x 35 ft [36.6 m x 10.7m] (Figure 5-1). The spud
barges were positioned to block the winds and seas, enabling the crew to safely operate the
dredge in arelatively calm lee. These conditions, deemed unsafe by the project Health and
Safety Officer, forced the suspension of dredging on multiple days. A crane aso was brought to
the PDS to allow the daily removal of the dredge and floating lines. A typical arrangement of
these barges to counter the predominant northeasterly wind is illustrated in Figure 5-1.
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Table 5-1 Summary of Field Activities Lake Okeechobee Pilot Dredging Project

Pilot
Dredging
Date Day Day No. Tasks Undertaken/Completed
5/2/02 Thursday Tanker Barge preparation
5/3/02 Friday Tanker Barge preparation
5/4/02 Saturday Shut Down
5/5/02 Sunday Set Pilings/ Gulf on-site
5/6/02 Monday Tanker Barge preparation/ Mobilized Sedcut to Maritime's Yard
5/7/02 Tuesday Collected pre-dredge water quality samples/Sedcut Preparation
5/8/02 [Wednesday Tanker Barge preparation/ Sedcut preparation
5/9/02 Thursday Set cable system up at dredge site/Mobilized sedcut to dredge site
5/10/02 |Friday Mobilized Crane Barge to CDF, Tanker Barge to Dredge site/started pipeline assembly
Shut down at 3 pm due to weather
5/11/02 |Saturday Lost 350-ft of pipeline due to weather- recovered 120 ft
Shut down operations due to weather
5/12/02 |Sunday Day 1 Mobilized Crane barge to dredge site - completed pipeline installation
Conducted first dredge run in SE quadrant ( lane 400 -mouth opening 2"),
Shut down after 35 min due to pipeline coupling failures - wave action broke hose clamps
Demobilized from dredge site to strengthen pipeline connections
5/13/02 |Monday SFWMD Representatives on-site.
Modified pipeline connections
5/14/02 |Tuesday Mobilized pipeline to dredge site and connected to dredge unit
Mobilized large spud barge to dredge site - to serve as wave protection
5/15/02 |Wednesday Shut Down operations due to high seas - removed floating pipeline
5/16/02 |Thursday High seas damaged dredge unit cabling system

Repaired dredge cabling system

Mobilized 2nd spud barge to dredge area

Positioned spud barges and crane barge to block a SE wind

Installed 350 ft of pipeline

5/17/02 |Friday Day 2 Winds shifted overnight from the SE to the East

Dredge unit and pipline were damaged from 2-3 ft waves

Removed pipeline -repaired damage to dredge unit ballast tanks

Reconfigured spud barges to block a East wind- re-installed pipeline

Started dredge operations at 3:50 and ran unit 5:30

Shut down operations and left dredge site with cargo barge at 7 pm

Arrived at CDF at 8 :30 pm and tested off-loading operations with Boom truck
Shut down operations at 9 pm

5/18/02 |Saturday Arrive at CDF at 7 am and started off-loading operations

Completed off-loading operations at 12 pm and mobilized cargo barge to dredge site
Configure spud barges and crane barge to block a SE wind and secured pileline
Shut down operations at 3 pm

5/19/02 |Sunday Arrived on-site at 6:30; decided to shut down operations at 10:00 am due to heavy winds
High winds prevented use of crane
5/20/02 |Monday Day 3 Arrived at dredge site at 7:30; pipeline damaged - winds shifted overnight to the N-NE

Reconfigured barges to block a n-NE wind
Started dredge operations around 4 pm and shut down at 7 pm

5/21/02 |Tuesday Day 4 Started dredge operations and filled cargo barge to max draft limit
Shut down operations at 7 pm

5/22/02 |Wednesday High seas and winds, Tug grounded cargo barge in channel

5/23/02 |Thursday Shut down due to high seas and returned to CDF

5/24/02  |Friday Day 5 Mobilized equipment and started dredge operations

Filled cargo barge and removed all equipment and pipeline
Unloaded cargo barge

5/25/02 |Saturday Day 6 Conducted dredging operations
5/26/02 |Sunday Shut Down

5/27/02 |Monday Day 7 Conducted dredging operations
5/28/02 |Tuesday Day 8 Conducted dredging operations
5/29/02 |Wednesday Day 9 Completed operations

5/30/02 |Thursday Off-loaded Tanker barge at CDF
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The time required for daily repositioning of these barges to accommodate varying wind intensity
and direction, daily demobilization and setup of the dredge and floating lines, and the added
trangit time for towing the cargo barge to and from the 5 mile [8.05 km] offshore PDS,
significantly added to the operational delays, the effort and the cost of the operation compared to
the original plan.

A key element of this study was to determine the degree to which the equipment and techniques
employed during this pilot study can be efficiently scaled up to support full-scale sediment
dredging of the Lake (if that option is chosen by the District). The weather impacts observed
during the pilot test would be significantly reduced with full-scale equipment. EA believes the
design of the dredge head used in this operation is intrinsically scalable, both to larger physical
size (width of opening) and to larger pumping capacity (see Section 9).

The depth of the SEDCUT® dredge head was determined by lowering the unit down until the
support cable showed no visible signs of tension. This was determined by observing dack in the
cable line. Once dack was detected in the support cable, the cable was locked into position,
allowing the unit to rest on the denser substrate. In order for the unit to dide along an irregular
bottom, the unit was equipped with a vertical freedom hinge to provide 1ft [0.3 m] of vertical
movement. Due to the lake state conditions encountered (2 — 3 ft [0.6m — 0.9m] waves) and the
lack of clarity of the water just above the fluid mud layer, underwater cameras could not provide
visual confirmation on the unit’s position in the vertical hinge (top or bottom part of hinge).

The unit was equipped with two ballast tanks sized to reduce the unit contact pressure to allow
the unit to rest on top of the denser substrate. The ballast tanks remained empty throughout the
project and were flooded on the last lane cut to evaluate the effects of increasing the unit’s
weight. After the ballast tanks were flooded the additional weight allowed the unit to be lowered
an additional 0.9 ft [0.27m] deeper than the previous lane cut.
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5.2 EQUIPMENT SPECIFICATIONS

5.2.1 DredgeHead Design

The SEDCUT® dredge head design was based on the concept of a bottom-contact sliding dredge
head fitted with a submersible pump. The unit was designed to selectively remove arelatively
thin layer of mud from the bottom of Lake Okeechobee with minimum pickup of the denser
substrate that supports this mud layer. In addition, the dredge head was configured so that a
minimal amount of dilution water from the overlying water column would be collected by the
submersible pump. The general principle was to feed the mud layer into the inlet of the pump by
adjusting the forward travel rate of the dredge head through an adjustable inlet frontal area (i.e.
mouth opening) so that the pump’s discharge rate would be equal to or less than the gathering
rate of the head. The dimension of the inlet area for the dredge head was designed so that a very
slow rate of advance would occur during the dredging process, to minimize the resuspension of
the mud layer. Figures 5-2 through 5-4 show schematics of the dredge head.

Design of the dredge head connection to the pivoting arm permitted the head some degree of
vertical freedom so that it could dlide on and follow the denser substrate underlying the mud
layer. To enable the unit to maintain a horizontal advancement path, a series of skis were
attached to the lower lip of the mouth opening to prevent the unit from digging into the
underlying substrate. The following design considerations were utilized:

1. Contact Pressure: The ability to vary the dredge head contact pressure was part of the
origina design concept, utilizing variable buoyancy tanks. Bench-scale tests using core
samples obtained from the PDS revealed that the underlying substrate had measurable,
consistent, but very low shear strength values (0.10 pounds per square inch (psi) [7.03 g/cnT]
to 0.24 psi [16.88 g/cnt]). Accordingly, variable buoyancy ballast tanks were sized to
reduce the unit’s contact pressure to this range.

2. IntakeVisor: To vary the vertical height of the intake opening, an adjustable intake visor
was installed at the top of the mouth area. The visor was designed to allow the intake opening
to adjust from 12 in [30.48 cm] (100% of the mud layer thickness) to 2 in [5.08 cm] (16% of
the mud layer thickness).
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3. Pumping system: A 6 in[15 cm] discharge diameter hydraulic-drive submersible pump,
capable of delivering a maximum flow rate of 1,500 gpm [5678.12 L/min], was mounted aft
on the dredge head. The projected output of the overall pumping system applied to the
specific site conditions for the demonstration project would be as follows:

Static lift at dredge head 12 ft [3.66 m|
Terminad lift at tank barge 8ft [2.44 m]
500 ft [152 m] of pipeline friction 5.2 ft/100 ft (with adredge slurry of 1.1) 26 ft [7.92 m]
Elbows and couplings 10t [3.05 m|
Total Dynamic Head 56 ft [17.07m]

The manufacturer’s pump curve shows that the pump would have a flow rate of
approximately 1,300 gpm [4,921 L/min] at 56 ft [17.07 m] Total Dynamic Head (TDH).

4. Advancerate: The travel rate calculations were based on a constant pump rate of 1,300 gpm
[4,921 L/min] and the assumption that the volume of material in a 6 ft [1.82 m] wide swath
removing a 1 ft [0.3 m] thick mud layer would remain constant. However, since the mud has
extremely low shear strength values and behaves as afluid, it is believed that a 6 ft [1.83 m]
opening width would influence a swath width greater than 6 ft [1.83 m]. Therefore, the
following calculated travel rate is estimated to be the maximum limit for a 12 in [30.48 cm|
dredge head intake opening.

1,300 gpm/7.48 galg/ft® =173 ft3/min [4.9 nT/min]
173 ft3/min/(6 ft x 1 ft, i.e. frontal area) = 28.8 ft/min [9 m/min]
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5.3 DREDGING METHODOLOGY & DATA COLLECTION

Field demonstration of the SEDCUT® technol ogy was conducted in Lake Okeechobee during
May 2002. A hedlth & safety plant was developed prior to start of field activities and all field
activities were conducted in accordance with guidance and requirements of the project health &

safety plan.

Pilot dredging was conducted in discrete lane cuts, which were approximately 200 ft [60.96 m]
in length and 6 ft [1.8 m] in width. Adjustments to the dredge mouth opening height and travel
speed were made for selected lanes. The following three variables were evaluated during the
test:

1) Horizontal Travel Speed — The travel speed of the dredge unit was controlled by a winch
system. The winch system was capable of moving the dredge unit between 5 ft/min [1.52
m/min] to 40 ft/min [12.19 m/min]. To evaluate the effects of the difference travel rates, the
relative percentage of mud the dredge slurry was evaluated. Samples of the dredge slurry
were collected in | liter sampling containers and allowed to settle for 24 hours. The relative
percentage of mud was then measured and compared to the measured volume of water that
visually separated from the dredge slurry within the container. The 24-hour period was
selected as arepresentative time interval to alow for settling since visual observations during
the bench-scale study had shown that most of the settling appeared to occur within the first
24 hours,

2) IntakeVisor: The vertical height of the intake opening was adjusted during the test using an
adjustable intake visor that was installed at the top of the mouth area. The visor was adjusted
from 12 ft [30.5 cm] (100% of the mud layer thickness) to 2 ft [5 cm] (16% of the mud layer
thickness), to evaluate the impact of shielding dilution water from entering the dredge head.
Results of the various intake openings indicated that the 6 in [15 cm] opening generated the
highest relative percentage of mud in the dredge slurry.

3) Contact Pressure: Ballast tanks were used to reduce the unit’s contact pressure and allow it
to slide on the denser substrate. For all runs, except the last one, the ballast tanks were held
empty. The tanks were flooded prior to initiating the last run to evaluate the effects of

!Lake Okeechobee Pilot Dredging Project — Health & Safety Plan (EA, 2001e).
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increasing the unit’s weight and thereby increasing the contact pressure. The additional
weight of the flooded tanks allowed the unit to be lowered an additional 0.9 ft [0.27 m]
deeper than the previous lane cut. No change in dredged sediments characteristics was
observed due to increase in the unit’s contact pressure.

Sediments removed during each lane cut were pumped directly into one of the eight
compartments of the tank barge for temporary storage prior to transfer to the CDF, usually at the
end of the operating day.

For each lane cut, grab samples of the dredge slurry were collected at the tank barge directly
from the 6 in discharge line. Two to six grab samples were obtained per lane cut and stored in
containers of known volume, usually 1 liter. Grab samples were analyzed in the field, to
determine the relative percentage of mud collected versus dilutionwater during each lane cut,
and to provide feedback on the dredge’ s performance. Field data indicated that the 6 in [15.24
cm] vertical mouth opening generated a dredge slurry with the highest relative volume
percentage of mud versus dilution water. Geotechnical and physical data analysis were
determined (Appendix B).

Grain size, organic content, bulk density and percent solid data were used to determine the
effectiveness of the dredging operations in selectively removing the target layer, and volume
ratios were used to determine dredge operating efficiency and production rates. A 24 hour
settling time was adopted from the time of aggravated disturbance for measurements of the mud
in the sample containers. This time increment was selected based on the time required for clear
definition of the mud layer. A total of 57 lanes were cut under various width openings and
travel speeds (Table 5.3). Geotechnical and physical data were determined (Appendix B).

The density determinations for the target material and dredge slurry were based on the
mathematical relationship between the mass of the materia (weight) occupying a known or
measured volume. No specific ASTM designation addresses the specific use, but the
mathematical relationship and methodology is employed in several ASTM Designations
including D2937 (Density of Soil in Place by the Drive Sleeve Method), D4254 (Minimum
Index Density & Unit Weight of Soils and Calculation of Relative Density), D4531 (Bulk
Density of Peat and Peat Products), and D4564 (Density of Soil in Place by Sleeve Method).
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Table 5-2 Tests and determinations performed by I ntercounty L aboratory

Parameters Test Procedures and Function

Grain Size Quantitative determination of the distribution of particle sizes ASTM D 442 (Sieve and
Hydrometer tests)

Organic Content | Percent of organics by weight present in the sediment portion of the dredge slurry,
ASTM D 2974

Bulk Density Saturated unit weight of the mud in g/cn?

Percent Solids Dry unit weight of the solids divided by the total sample weight

Volume ratios Volume of mud separated from the dredge slurry after 24 hours of settling

ASTM D2974 provides guidance for determination of moisture content, ash content, and percent
organic matter in soils. Moisture is determined by drying the sample at 106 deg C; moisture
content is generally expressed as a percent of the oven dry mass or the as-received mass. Ash
content of a soil sample is determined by igniting the oventdried sample from the moisture
content determination in a muffle furnace at 440 deg C; the ash content is typically reported as
percentage of the mass of the oven-dried sample. Organic matter is determined by subtracting
percent ash content from one hundred.

5.3.1 Transfer of Dredged Material tothe CDF

A modified decommissioned Navy tank barge was utilized to transport the dredge material from
the PDS to the CDF. The tank barge contains eight equal chambers capable of holding up to
40,000 gallons [161,417 L] each with a maximum draft of 8 ft [2.44 m]. Due to the shallow
channel approach experienced throughout the pilot dredging project of 7 ft [2.13 m] in the Port
Mayaca channel, it was decided to limit the tank barge loading and maximum draft. The shallow
channel depths at the Port Mayaca Lock initially limited us to filling the tank barge to a draft of
6.5 ft [1.98 m] (approximately 55% of its capacity) before each transport cycle. However, it was
later determined that, due either to seiching of the Lake from strong easterly winds or other
factors, the tug was dragging the bottom in the channel approaching the Port Mayaca lock at a
draft of dightly lessthan 7 ft [2.13 m]. On one occasion, it actually ran aground in the approach
channel. To avoid further mishaps, for all subsequent trips the barge was loaded to alow for a
maximum draft of less than 6 ft [1.83 m], approximately 40— 45% of the barge capacity.
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L ake Okeechobee Pilot Dredging Project

Theinitia plans called for a crane barge at the CDF to support the unloading operation.
However, it was concluded that, due to the high winds and seas, the crane barge was needed at
the PDS to support reconfiguration of the dredge equipment due to shiftsin wind direction and
safe bed-down of the equipment at night. A truck- mounted boom with a 90 ft [27.43 m] reach
was procured to replace the crane barge at the CDF site during barge unloading operations. The
boom was used to position the transfer line and pump for the transfer of the dredged sediment
from the tank barge to the holding cells at the CDF.

54 EVALUATION OF DREDGING DATA

Results indicate that SEDCUT® technol ogy was very successful in achieving the goals of the
project. Using a6 in [15 cm] mouth opening and travel rate of 40 ft/min [12.9 m/min], the
SEDCUT® dredge head successfully removed a dredge Slurry containing up to 65% target mud
and 35% dilution water, which trand ates into 93% removal efficiency when compared to the
predicted (theoretical) production rate (Table 5-4 and Figure 5-5). Comparison of predicted
versus actual production rates for the 8 in [20.32 cm], 10 in [25.4 cm], and 12 in [30 cm] mouth
openings are shown in Tables 5-5, 5-6, and 5-7, respectively and graphically presented in Figures
5-6, 5-7, and 5-8.

The success of dredging (i.e. accurately removing the target mud layer) was determined by
comparing the bulk density and gain size distribution properties of the dredge slurry to the target
material. Results indicate that the unit performed most effectively at a6 in [15.24 cm] mouth
opening and atravel rate of 40 ft/min [12.19 m/min]; comparison of physical properties of the
dredge dlurry with the in-situ target material for this specific combination are shown in Table 5-
8. It was also observed that the profile of the dredged material closely matches the profile of the
mud layer with the exception of the bulk density of the extremely low travel rates (Figure 5-9).
The efficiency and production rates of the dredging operations were determined by the relative
ratio of mud versus dilution water in the dredge slurry.

Travel Speed— Comparison of different travel rates indicated that the faster travel rates
generated a higher relative percentage of mud in the dredge slurry than water. Since the winch
system could not travel faster than 40 ft/min [12.19 m/min], it is unknown if a faster travel rate
would have generated a higher relative percentage of mud in the dredge durry.
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Intake Visor — The opening of the inlet visor was varied during the pilot project to evaluate the
effectiveness of different intake (mouth) vertical openings. The mouth opening height of the unit
was varied from 2 in (5 cm) to 12 in [30.48 cm] (100% of the target material thickness). Results
of the various runs showed that a 6 in [15 cm] mouth opening (50% of the target material
thickness) generated a slurry with the highest percentage of mud by volume. The travel rate was
also varied for the different mouth openings. Similar trends were observed in al runs that
reveaed that the percentage of target material in the dredge durry increased with higher travel
rates. The most effective run for the 6 in [15 cm] mouth opening was determined to be 40 ft/min
[12.19 m/min] (Figure 5-10). Volume measurements from this lane cut showed that the dredge
dlurry contained arelative ratio of 65% mud and 35 % dilution water.

Contact Pressure — Comparisons of mud volumes to inlet visor opening heights, travel time,
and contact pressure indicated that the optimum dredge conditions were at 40 ft/min [12.19
m/min] with a6 in [15 cm] opening (Figure 5-6). The pumping rate of 1,300 gpm (4,921 I/min)
was constant throughout the test and was only shown to have dight variations (1-2 %). These
minor variations in the pumping rates were attributed to varying head losses associated with the
various pipe configurations utilized for each lane.
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L ake Okeechobee Pilot Dredging Project

Table5-8 Comparison Of Physical Properties Of The Dredge Slurry With

In-Situ Target Material

Physical Parameter Dredge Slurry In-situ Target Material

Percent Water (by weight) 86.56 78.94

Percent Solids (by weight) 13.44 21.06

Bulk Density (g/cn) 1.24 1.20

Percent Organic (by weight) 285 374

Grain size (% minus No. 200) 704 77.3
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L ake Okeechobee Pilot Dredging Project

55 IMPACT OF WEATHER AND LAKE CONDITIONSON PILOT DREDGING

High winds, rough lake conditions, and shallower-than-expected channel depths significantly
impacted pilot dredging and support operations throughout most of the period. Temperature
conditions were generaly typical for the season, but the three-week field demonstration period
was characterized by two frontal passages and sustained winds of 12—20 knots per second (kts)
for most of the test period. It was noted that in this very shallow lake, sustained winds of even
12 kts were sufficient to stir up 2-3 ft [0.61— 0.91m] waves on the lake surface, thusimpacting
the safe operation of the relatively small dredge and the smaller utility boats (used to reposition
the travel cable for the dredge and tend the floating 6 in [15 cm] line used to transfer the dredged
material to the tank barge).

After experiencing amost continuous weather delays, three additional spud barges were
mobilized to the PDS. A tug was used to reposition the spud and tank barges in accordance with
the wind direction, to provide alee to protect the dredge and utility equipment from wind and
sea. It was evident that under the prevailing weather conditions it would be necessary to remove
the dredge, transfer line, and all utility equipment and boats from the water each night, and to
reposition the equipment each morning. All of this cost a number of lost days and added
significantly to the time and effort required for setup each day.

In addition, perhaps aresult of the sustained (predominantly) easterly winds, the water depths in
the channel were a good deal lower than had been measured in our earlier surveys. The tug
frequently could be heard contacting the bottom well within the channel approaching the Port
Mayaca Lock. On one occasion, it was hard aground in this area. The verified draft of this tug
was 7 ft [2.13 m]. Asaresult, we further limited the draft of the tank barge to 6 ft [1.83 m].
This reduced its maximum loading and added to the number of unload cycles.

Finally, the location of arepresentative pilot dredging area with a sufficient mud layer thickness
was determined to be no closer than five miles [8 km] off the eastern shore of the Lake, as
opposed to the one mile specified in the contract. This increased the transit time associated with
every operation throughout the project.

It is important to note that the majority of these effects would not likely impact a full-scale
dredging operation as they did this pilot program. The pilot program necessarily involved
smaller equipment and a transfer method far different from those likely to be used in afull-scae
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operation. The onset of difficulty for our operation occurred at sustained winds of only 10 kts.
In addition, a full-scale operation is likely to use a semi-permanent anchored line for pumping
dredged materials to the designated treatment/storage area(s). This will make the concentration
of the muds in the center of the lake a net advantage for such an operation.

It must be noted that the weather delays experienced during this project were exacerbated due to
the scaled-down size of the dredge equipment and the cabling system used to move the dredge.
A full scale dredge unit would be expected to far less vulnerable to weather related impacts.

56 CONCLUSIONSFROM THE FIELD DEMONSTRATION

As discussed earlier, the SEDCUT® dredge head was successfully able to remove the targeted
mud layer without the addition of any significant amounts of dilution water or sands. Thus, the
primary project objective, which was to demonstrate the effectiveness of the innovative
SEDCUT® technol ogy in selectively removing the mud layer, has been achieved. Significant
observations from the field demonstration and recommendations for scaling the process are
discussed further in Chapter 9.

Selected photos from the pilot dredging field demonstration are shown in Appendix C.
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6.0 ENVIRONMENTAL MONITORING
6.1 WATER QUALITY MONITORING
The goal of the water quality program was to determine:

Impacts on in-lake water quality resulting from operation of the SEDCUT® dredge head, and
Efficacy of the selected water treatment technology in reducing total phosphorus
concentrations.

The field program therefore included water quality monitoring associated with the following
three components:

In-Lake Water Quality Monitoring
Field Turbidity Monitoring
Pilot Water Treatment System Influent & Effluent Quality Monitoring

6.1.1 In-LakeWater Quality Monitoring

In-lake water samples from the PDS were collected and analyzed for selected parameters to
assess the impact of dredging operations on site-specific water quality. Four rounds of water
quality sampling were conducted during the field demonstration as follows:

Round 1 (pre-dredge baseline samples) was collected prior to start of dredging;

Rounds 2 and 3 (active dredging samples) were conducted concurrent with active dredging
operations; and

Round 4 (post-dredge samples) was conducted 24 hours after the field demonstration was
completed.

On each day of field sampling, in-lake water quality samples were collected from the following
three locations:

Within 600 ft upwind (upstream) of the PDS,
Within 100 ft radius of the point of active dredging, and
Within 600 ft downwind (downstream) of the PDS.

Final Report Dec 2002
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At each of the three locations, a discrete water sample was collected from the following three

depths using a Niskin water-sampling bottle:

1 ft below surface
mid-depth
1 ft above the bottom

The three discrete depth samples from each location were composited into one sample and
aliquots were drawn for analyses of the following parameters.

Inorganics (including Nutrients)

Alkalinity

Hardness

Fecal Coliform

Total Suspended Solids
Total Organic Carbon (TOC)
Total Kjeldahl Nitrogen (TKN)
Nitrate + Nitrite (total)
Nitrate + Nitrite (dissolved) *
Ammonia (dissolved)*

Tota phosphorus

Dissolved phosphorus
Orthophosphorus

! Dissolved NH, and dissolved NO,+NOs will be
measured to determine dissolved inorganic nitrogen.

Metals

Aluminum (total)
Arsenic (total)
Beryllium (total)
Cadmium (total)
Chromium (total)
Copper (total)
Iron (total)

Lead (total)
Mercury (total)?
Nickel (total)
Selenium (total)
Silver (total)
Zinc (total)

2 Regular analyses only—no trace analyses were
conducted.
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Samples were shipped to PPB Laboratories on ice for chemica analyses using an overnight
delivery service. Sample collection, handling, and shipping were conducted in accordance with
the protocol contained in the Lake Okeechobee Water Quality Monitoring Plan (EA, 2001d).

Concurrent with collecting awater quality sample, the following parameters were a'so measured
and recorded in the field at each location:

Parameter Instrument
Station Location Garmin DGPS, 12 Channel
Current Velocity Ho-Mate Model 2000
Temperature Horiba U-10
pH Horiba U-10
Dissolved Oxygen Horiba U-10
Conductivity Horiba U-10
Turbidity Lamotte Turbiditymeter, Model 2020
Secchi Depth Standard 8-inch Black & White Secchi Disk with Calibrated Line

Note that current velocity, temperature, pH, dissolved oxygen, conductivity, and turbidity were
measured at three discrete depths; namely 1 ft below surface, mid-depth, and 1 ft above the
bottom.

In addition, the following data were collected during the monitoring program at each of the three
sampling locations:

Wind direction and wind speed using a Kestrel hand- held anemometer (model 1000)
Wave direction and wave height (measured against the PDS pilings)

Atmospheric temperature data for each day of monitoring was obtained from the National
Weather Service Station at Miami.

6.1.2 Field Turbidity Monitoring

The field turbidity monitoring plan was designed to track the turbidity plume resulting from
resuspension of sediments caused by operation of the innovative dredge head. It must be
emphasized that, the turbidity plume not only results from the operation of the actual dredging
unit, but also receives contributions from the movement of ancillary marine equipment. During
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the Pilot Dredging Project, every effort was made operationally to reduce resuspension of
sediments from the prop wash of tugs-tenders, barge movement or other operations not directly
involved in the actual dredging operations. Also, the field crew took utmost care to minimize
water column disturbances during transit from one location to another, and while recording data
at each location.

Four rounds of field turbidity monitoring were conducted, concurrent with the field
demonstration, on four separate days. Each round (day) of turbidity monitoring involved
collecting three sets of samples for measurement of in-lake water column turbidity.

The first set was collected prior to start of dredging; the values from this set were used to
establish baseline conditions for a given day.

The second set was collected concurrent with active dredging operations.

The third set was collected at the end of the day after dredging operations had been
completed and the transfer barge and all other vessels had left the area; these values were
used to determine residual turbidity disturbances.

During each set, turbidity measurements were recorded at 13 stations located within a
symmetrical 90-degree quadrant pattern that surrounded the PDS (Figure 6-1) using the
following methodol ogy:

1. During each of the three monitoring rounds on a given day, the first set of measurements
were taken at the dredge directly over the dredge head to obtain source strength associated
with the dredging operation.

2. Using a hand- held anemometer, direction and intensity of the wind was determined and the
sampling crew proceeded to the farthest monitoring station (i.e. the most upwind station)
along the radial line that best aligned with the observed wind direction.

3. Samples for turbidity measurements were drawn at this upwind station from three discrete
depths, 1-foot below the surface, mid-depth, and 1-foot above the bottom using a Niskin
water sampling bottle.

4. The crew will then moved to the next monitoring station in the downwind direction and
measure and record the turbidity at the same three depth intervals.

5. Thusif the wind was blowing ou of the north, turbidity monitoring would began at
northernmost upwind location (i.e. 5-00) progressing downwind along a north-south radial
line in the following order: 5-00, 2-00, 1-00, 1-180, 2-180, and 5-180.
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6. Following this, turbidity measurements were recorded on atrack line normal to the initial
track line, e.g. 5-225, 2-225, 1-225, 1-45, 2-45, 5.45.

7. Thusatotal of 117 (3 depths x 13 stations x 3 rounds) field turbidity measurements were
recorded on each one of the four days in an approximate 1,000-foot diameter field
surrounding the dredging area.

Turbidity was measured with a Lamotte Turbiditymeter (Model 2020). Each set of turbidity
monitoring lasted for 90 to 120 minutes.
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6.1.3 PWTS Influent & Effluent Quality Monitoring

Influent and effluent samples from the PWTS were analyzed for a suite of water quality
parameters to determine the impact of treatment on lake readiness of the PWTS effluent. Four
sets of influent and effluent samples were collected from the system and analyzed for akalinity,
hardness, fecal coliform, TOC, TKN, nitrate and nitrite (total and dissolved), ammonia
(dissolved), and dissolved Phosphorus (P).

Supplementary details on water quality sample collection, handling, and shipping are contained
in the Lake Okeechobee Pilot Dredging Project — Water Quality Monitoring Plan (EA, 2001d).

6.1.4 Field Sampling Quality Assurance/Quality Control (QA/QC)

Three different types of field QA/QC samples were collected and analyzed to ensure that water
quality sampling was conducted in accordance with established protocols, which were used as
guidelines in developing the field monitoring plan.

1. Field Blanks— Field blankswere collected to evaluate the impact of sampling activities and
environment on the samples collected. One field blank per day of sampling was collected at
alocation within a 100-ft radius of the proposed point of dredging (active dredging zone).
This QC sample was collected by pouring deionized water into a sample container and
keeping it open until sampling at that station was completed. The field blank sample was
then preserved, as appropriate, and handled like a routine sample along with all other
samples. It was analyzed for the same suite of analytes as the In-Lake water quality sample
collected at this location.

2. Equipment Blanks— To evaluate the effectiveness of laboratory decontamination,
equipment blanks were collected at the start of each field sampling day. One equipment
blank was collected at the start of each field sampling day, at the upstream/upwind location.
This QC sample was collected by pouring deionized water over each piece of water sampling
equipment that had been decontaminated using the procedure outlined in the plan. The
equipment blank was shipped to the analytical |aboratory along with the other samples and
was analyzed for the same suite of analytes as the In-Lake water sample collected at the
upstream/upwind location.
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3. Field Duplicates— These are generaly intended to evaluate sampling precision and field
variability. Onefield duplicate was collected concurrent with the sample collected within
the active dredging zone on each day of sampling. The duplicate sample was analyzed for
the same suite of analytes as the in-1ake water quality sample collected at this location.

Field duplicates were also collected in parallel with samples collected from the PWTS
effluent stream.

6.1.5 Water Quality Monitoring Results

Results from laboratory analyses of in-lake water quality sampling are presented in Tables 6-1 to
6-4. Measurements of field water quality parameters are listed in Tables 6-5to 6-8. Tables6-9
to 6-12 show raw data from the field turbidity monitoring program. Graphical representations of
the turbidity data are illustrated in Figures 6-2 to 6-13. Tables 6-13 to 6-16 contain data on
PWTS influent and effluent water quality. Raw data from the laboratory are included in
Appendix D.

Laboratory results from analyses of influent and effluent samples collected from the pilot water
treatment system are discussed in Chapter 8. Significant observations from the water quality
analyses are presented and discussed in Chapter 9.
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Lake Okeechobee Pilot Dredging Project

Table 6-13 PWTS Water Quality Monitoring Data (May 30, 2002)

Station ID
Par ameter s Units Influent Effluent Field Duplicate*

Alkalinity mg/l 118 90 94
TOC mg/l 21.2 17.8 18.1
Fecal Coliforms MPN/100ml <21Q <21Q <2 Q|
Hardness mg/| 188 180 172
Ammonia (dissolved) mg/| 0.055 0.052 0.045
TKN mg/l 1.60 1.00 1.58
NO, + NO; mg/l 0.779 0.754 0.744
NO, + NO; (dissolved) mg/l 0.945 0.874 0.896
Total Phosphorus mg/| NR NR NR
Dissolved Phosphorus mg/| 0.191 0.140 0.140
Notes Data from:

'Field duplicate was collected from effluent sample
| = Result between detection limit and practical

quantitation limit.

Q = Result analyzed out of holding time.

WATER-530-01
WATER-530-02
DUP-1

Table 6-14 PWTS Water Quality Monitoring Data (May 31, 2002)

Station ID
Par ameter s Units Influent Effluent Field Duplicate*
Alkalinity mg/| 122 98 120
TOC mg/l 20.8 18.2 20.9]|
Fecal Coliforms MPN/100ml <2Q <2Q <2 Q|
Hardness mg/| 184 176 172
Ammonia (dissolved) mg/| 0.936 0.956 0.920
TKN mg/l 2.07 2.12 2.09]|
NO, + NO, mg/l 0.049 0.047 0.049||
NO, + NO; (dissolved) mg/l 0.116 0.090 0.119
Total Phosphorus mg/| NR NR NR|
Dissolved Phosphorus mg/| 0.074 0.0101 0.077
Notes Data from:
'Field duplicate was collected from influent sample WATER-531-01
NR = Analysis not required. WATER-531-04
I = Result between detection limit and practical DUP-2
guantitation limit.
Q = Result analyzed out of holding time.
6-33

Final Report

Dec 2002



Lake Okeechobee Pilot Dredging Project

Table 6-15 PWTS Water Quality Monitoring Data (June 1, 2002)

Station ID
Par ameter s Units Influent Effluent Field Duplicate*

Alkalinity mg/l 119 <1.0 117

TOC mg/l 22.2 6.97 21.7

Fecal Coliforms MPN/100ml <2Q <2Q <2 Q|
[[Hardness mg/l 184 180 164
[lAmmonia (dissolved) mg/| 0.076 0.239 0.070]
(TN mg/l 1.35 0.58 1.28|
[NO, + NO, mg/| 0.581 0.443 0.410
[INO, + NO; (dissolved) mg/| 0.500 0.426 0.474
[[Total Phosphorus mg/l NR NR NR
[IDissolved Phosphorus mg/| 0.031 <0.004 0.032

Notes Data from:

'Field duplicate was collected from effluent sample WATER-61-02

NR = Analysis not required. WATER-61-03

Q = Result analyzed out of holding time. DUP-3

Table 6-16 PWTS Water Quality Monitoring Data (June 2, 2002)

Station ID
Parameters Units I nfluent Effluent Field Duplicate'

Alkalinity mg/| 117 <1.0 122

TOC mg/l 20.6 6.90 21.7

Fecal Coliforms MPN/100ml <2Q <2Q <2 Q|
[[Hardness mg/l 184 192 188
[|Ammonia (dissolved) mg/| 0.042 0.090 0.052)
([TKN mg/l 1.24 0.311 1.23
[NO, + NO, mg/| 0571 0.598 0.579
[INO, + NOj; (dissolved) mg/l 0.617 0.604 0.578
[[Total Phosphorus mg/l NR NR NR
[[Dissolved Phosphorus mg/l 0.066 <0.004 0.062)

Notes Data from:

'Field duplicate was collected from influent sample WATER-62-03

NR = Analysis not required. WATER-62-04

| = Result between detection limit and practical DUP-4

quantitation limit.
Q = Result analyzed out of holding time.

Final Report 6-34 Dec 2002



L ake Okeechobee Pilot Dredging Project

6.2 HYDROGRAPHIC SURVEYS

The objective of the hydrographic surveys was to collect and interpret bathymetric data from the
Pilot Dredging Site (PDS). Bathymetric data was collected before, during, immediately after,
and approximately two weeks after pilot dredging was conducted. Comparison of data collected
before dredging began (pre-dredging survey), during dredging (progress survey), and after
dredging (after-dredging survey) was used to determine changes in bathymetry associated with
the dredging. Data collected several days after the dredging has been completed (follow- up
survey) was compared to the after-dredging survey datato determine if and how rapidly the
dredged area refilled with fluid muds from the surrounding area.

Bathymetric surveys were conducted by Arc Surveying and Mapping, Inc. of Jacksonville,
Florida under supervision of Case O'Bourke Engineering, Inc. of Miami, Florida.

6.2.1 Survey Methodology

Bathymetric surveys were conducted using the Reson 8124 SeaBat multi-beam depth sounder
and a Knudsen 320M dual- frequency depth sounder. Use of dual frequency and multi-beam
technology was chosen to allow independent determination of the vertical boundary of the fluid
mud layer. Frequencies of 200 kHz were used to establish the top of the fluid mud layer. The
lower layer was delineated using acoustic frequencies in the 20 to 30 kHz range.

Horizontal and vertical controls for the project were established from US Army Corps of
Engineers (USACE) monuments at Port Mayaca (FCE 3838, Elevation 39.91 NGVD 29) and
Cana Point (PB-CAN-RM1, Elevation 34.58 NGV D 29). Horizontal datum isNAD83, Florida
East Zone.

Survey Frequency - Four (4) sets of surveys were conducted.

A pre—dredge survey was conducted on May 7, 2002. Data from this pre-dredge survey
was used to establish baseline conditions.

A progress survey was conducted on May 25, 2002 within 24 hours after dredging was
temporarily suspended. Data from the progress survey was used to determine the accuracy
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of the dredging equipment to efficiently excavate the fluid mud layer and to ascertain the
smoothness of the dredge cut including the development of windrows and pot- holing.

A post-dredging survey was conducted on May 31, 2002, 24 hours after completion of the
field demonstration dredging. Data from the post-dredging surveys was used to determine
the amount and degree of completeness of the removal of the excavated fluid mud layer.

A follow-up survey was conducted on June 13, 2002, 13 days after completion of dredging
to track temporal changes in the substrate following completion of dredging. Data from the
follow-up survey was compared to pre-dredge and post-dredge survey data to determine the
magnitude at which fluid muds migrate into the dredged area from outside of the PDS.

Prior to the start of the pre-dredge survey, a control survey was conducted on April 24, 2002 to
establish horizontal and vertical controls around the PDS. These controls served as baseline
throughout the duration of the project. The control survey efforts were not intended to collect
bathymetric data, but were meant to establish references for successive work. A temporary but
fixed water elevation gauge board was set up prior to the pre-dredge survey. During each survey
water level changes were visually monitored using this gage.

Two surveys were run at each survey event over a1000' X 1000" square area encompassing the
PDS. Note that even though the PDS measures approximately 416' X 416' a much bigger square
around the PDS was surveyed. The oversized survey area was used to determine the magnitude
and direction of the flow of soft sediments returning to the dredged section, if any.

Each of the four electronic surveys was performed using differential GPS with USCG Cape
Canaveral Navbeacon corrections, which provided sub-meter accuracy. A check into loca
control (monuments at jobsite) was performed at the start and end of each day’s survey. All
calibration data, i.e. latency tests etc., were recorded and reported.

At the beginning and ending of each survey the depth sounder was calibrated using a standard
bar check procedures in accordance with USACE EM 1110-2-1003 standards for Class 1
Hydrographic Surveys. This procedure involves lowering a bar under the transducer at five foot
increments to adjust the surveying systems for the speed of sound in the water column. Bar
check calibration was confirmed by a water velocity profiler, which was lowered into the water
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column and recorded the speed of sound at various depths. The survey fathometer was calibrated
with this data.

Equipment calibrations were recorded on the data scroll with a continuous graph of 200 kHz and
28 kHz soundings in addition to the digital recording of the date of survey, time of day, and x
and y coordinates for the location of each sounding. Data processing was accomplished using
Coastal Oceanographic Hypack software. This software is standard among most USACE
districts and is used worldwide.

Multi-Beam Surveys— were conducted with a25-30" line spacing to determine the fluid mud
layer. Thisline spacing alowed an overlap of 15 feet with each adjacent survey line and
provided 100% coverage of the surveyed area. Since the multi-beam survey covers 100% of the
surveyed bottom,, it eliminates the interpolation of data between transects. The multi-beam
survey is designed to indicate the top of the sediments rather than attempt to penetrate the soft
sediments.

The multi-beam survey was tuned on the pre-dredge survey to attempt to discern the top of the
lighter mud versus the top of the heavier mud. It was expected that by reading the first signal
returns (minimum returns) within each pulse that the average top of the lighter mud layer would
be discerned. Also, by reading the last signal returns (maximum returns) within each pulse that
the average maximum depth computed would signify the top of the heavier mud. The
examination of results discarded this idea and subsequent surveys were not tuned to differentiate
these differences.

Multi-beam surveying was conducted using a Reson 8124 SeaBat depth sounder, operating at
200kHz. The high frequency pulses were used to record the top of the mud layer. All surveys
data were recorded digitally and on afathometer scroll.

Dual Frequency Surveys —were conducted with a line spacing (transects) of 50°, covering a
bottom width of 1-2 feet over the length of the survey line (note no overlap of covered areas).
The high frequency part of this transducer is similar to the transducer frequency used in the
multi-beam survey and was used to verify its first echo returned (top of fluid mud layer) against
the return found in the multi-beam survey. The first echo returned was the signal received by the
high frequency transducer of the first abrupt density shift in the water column, indicating the
probable top of the fluid mud layer. Simultaneously with the use of the high frequency
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transducer, the low frequency transducer penetrated the soft sediments and attempted to detect
the second abrupt density shift, indicating a harder substrate. Minimal excavation of the hard
bottom was expected, therefore the need to survey 100% of the area was eliminated, a reduced
coverage using transects was proposed, and the above line spacing was selected.

Dual frequency surveying was conducted using a Knudsen 320M dual frequency depth sounder,
operating ssimultaneously at 200kHz and 28 kHz. The higher frequency pulses were used to
record the top of mud layer; the lower frequencies were used to determine the bottom of the mud
layer. All surveys data were recorded digitally and on a fathometer scroll.

6.2.2 Observations From Bathymetric Surveys

The overall depth of water in the Lake Okeechobee Pilot Dredging Site is relatively shallow,
namely, 12 to 14 feet. The general bathymetry of the site shows that the areais very flat with no
substantial changes in depth and no real dope to the surface area of the sediments. The expected
depth of face of the soft muddy material was approximately 30 cm (14-15 in). Changesin the
bottom depths after dredging were therefore expected to be no greater than the depth of face of
the anticipated soft mud material.

Very minimal, or no removal of the harder substrate was expected. Volumes were to be
computed to determine the overall amount of soft sediments removed and to determine if any
harder substrate was removed. Volumes were also to be used to determine if any sloughing-in of
materia from other areas occurred. The thin depth of face of material to be removed
necessitated greater accuracy requirements in volume computations. By using the multi-beam’s
100% coverage, which eliminated the interpolation of data between transects, it allowed better
accuracy in volume computations.

GPS positional accuracy of 1-2 feet was achieved and was greater than the sub-meter accuracy
required. Vertical accuracy of fathometer readings is a function of the fathometer used, the
water depth surveyed, and must be corrected for vessel movements. The vessel employed
utilized heave compensation that adjusted, real-time, for vertical, rotational, pitch, and yaw
movements of the vessel. Vertical accuracy was within 1 tenth of a foot the mgjority of the time.
Survey data printouts are presented in Appendix E.
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6.2.2.1 Analysisof Pre-Dredge Survey Results

The pre-dredge survey was conducted in favorable weather conditions with no equipment on site.
Results of the multi-beam survey were analyzed to attempt to depict the zoning or layering
within the soft mud layer. Based on visual observations of the core samples taken at the site
previoudly, it was anticipated that there was a layer of very soft mud atop the denser layer of
mud. A firmer substrate was expected below the denser mud layer.

Cross-sections of the pre-dredge survey output (Appendix E) depict an upper line, which isthe
average reading of the “minimum” returns within the zone of influence of the multi-beam
transducer (Appendix E). The next line depicts the “maximum” returns found within the same
zone of influence of the same transducer. The “tuning” of the multi-beam signatures was used to
attempt to delineate the limits of the very soft mud layer. The results can only show the changes
in density detected by the transducer.

The results of this survey are inconclusive as to whether the top line and the second line
signatures truly represent the limits of the very soft mud layer; therefore, the results of the multi-
beam survey minimums and maximums can only be interpreted to merely define the “range” in
depths that the multi-beam signature was reflected. It is possible that the signatures are
attempting to show the upper and lower boundaries of the very soft mud, but this conclusion
cannot be confirmed.

The dual frequency survey data shows two distinct returns. The upper lineis the top of soft
sediment and the lower line is the firmer substrate. In this case, the upper line (200 khz) matches
the second return from the multi-beam survey, thus verifying the accuracy and repeatability of
the system used. Cross-sections of the pre-dredge dual frequency survey data show three lines:

The top line is the “minimum” return from the multi-beam survey.

The middle line represents two lines: the lower “maximum” return of the multi-beam survey
and the high frequency (200 khz) return of the dua frequency transducer.

The bottom line is the low frequency return of the dua frequency transducer.

The survey results indicate that the top of sediment is relatively smooth with no more than 0.5
feet difference in depth throughout the area. Some sample probes taken by the survey team
during the establishment of the piling locations detected that a harder, sandier bottom existed
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below the softer sediments. However, they were inconclusive in verifying whether the firmer
bottom was a perceptible stratification between the softer sediments and the firmer substrate.

The low frequency transducer results indicated some irregularity in the firmer bottom, possibly
indicating that the harder bottom is undulating. The fluctuations could also suggest that thereis a
gradual shifting in material density whereby the 28 khz low frequency transducer is not fully
penetrating the softer sediments before getting a return, thus fluctuating within the lower part of
the softer layer above the suspected sand layer.

6.2.2.2 Comparison of Pre-Dredge & Progress Survey

The Progress Survey was conducted to provide an overview of the process and to determine if
any field adjustments to the dredging process needed to be made. It was aso designed to
measure the amount of material and to determine if any filling of the dredge cut was occurring as
the dredge progressed through the dredging area. At the start of the survey the weather was fine,
but the weather quickly deteriorated and affected both the gathering of data and accuracy of the
data. In addition, previous weather had forced the dredging activity to take shelter behind aring
of moored barges and thus prevented access to certain areas. Weather and moored equipment
also forced an alteration to the orientation of the survey lines. This orientation did not affect the
multi-beam survey since it has 100% coverage, but the dual frequency survey lines were run
perpendicular to the original orientation. Therefore, the results cannot be readily compared
against the pre-dredge to gauge any perceptible change in the harder substrate. The low
frequency results have not been displayed on the cross-sections for that very reason. The multi-
beam results are readily comparable against the pre-dredge results except for areas impacted by
weather.

The southernmost quadrant of the dredging area showed some increase in overall depth, with
some trenching of dredge cuts evident. Not all the material was moved and not all the area was
covered. The easternmost quadrant of the area showed some concentrated dredging efforts and
the trenching pattern was also exhibited. The cross-sections in undisturbed areas indicated some
vertical change in depth, but due to the impacts associated with weather, no real conclusions can
be drawn regarding migration of material into the site. Within the dredging limits, some changes
were noted in the upper surface line showing the tracks and depth of cut of the dredge. Changes
in depth varied, with up to 1 foot of material being removed in places.
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Track lines for the dredge’ s position within the dredging area were not fully recovered from a
portion of the project’s operational data and therefore are shown on the plan views to the extent
that data was salvageable. Cross-section lines of the progress survey reflect the elimination of
the “minimum” multi-beam depth (previously shown on the pre-dredge survey sections) as being
too confusing and because it was felt that it did not reflect the limits of a lighter mud zone as
previously suspected and depicted on the pre-dredge survey. For comparison purposes, Cross
sections of the progress survey were overlaid on cross-sections of the pre-dredge survey output.
Overall, the results of the progress survey are quantitatively inconclusive, but yielded some
results to guide future surveying activities in the lake.

6.2.2.3 Comparison of Pre- & Post-Dredge Surveys

The post-dredge survey was conducted to provide a perspective of the overall success of the
dredging activity. It was designed to measure the amount of material and to determine if any
filling of the dredge cut was occurring as the dredge progressed through the dredging area.

The survey data was retrieved in fair weather. Results were displayed in a similar fashion to the
progress survey, with the post-dredge survey results overlaying the pre-dredge survey results.
The survey reflected work that had been done to date and al so reflected the progress since the
progress survey.

Work since the progress survey was conducted in the upper half of the dredging area, namely the
easternmost and northernmost quadrants. Efforts in this area showed that material was removed
over alarge portion of the area and the depth of removal of material was predominantly within
the softer sediments with occasional penetrations of up to approximately 2 feet, potentialy into
the harder substrate. Volumes computed against the pre-dredge survey indicate that
approximately 577 cubic yards of material was excavated from the area. It should be noted that
due to the characteristics of the dredged sediments (low bulk density value) in-filling occurred
within 24 hours, limiting the usefulness of the post dredge survey.

The survey aso indicates that not all the material was removed from the areas dredged.

Volumes were computed from the soft sediment line (soft mud line) exhibited on the pre-dredge
and post-dredge surveys. The cross-sections show that the pre-dredge and post-dredge soft mud
lines overlay relatively well, indicating that the survey repeatability is high. Cross-section views
of the low frequency return show alarge vertical fluctuation and a much lower degree of
repeatability. The data results are explained below:
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Vertical Fluctuations — The exaggerations in the plotted scales between the vertical scale and
the horizontal scales used magnify the depth fluctuations to a great degree. 1n addition, a
relatively smooth, consolidated bottom will return a smoother image than a bottom that has been
dredged or otherwise disturbed. Also, once disturbed, the bottom density is lighter than reflected
in the pre-dredge and the transducer signals will penetrate the lighter mud to varying degrees,
adding to the fluctuations.

Repeatability — Survey repeatability is a measure of the degree to which the survey process can
be duplicated over consecutive attempts, i.e. whether the vessel can traverse the exact same line
and detect the exact same depth. Undisturbed areas, where often repeatability can be best
measured, are normally used to analyze the degree to which the two referenced surveys are
overlaid and viewed for repeatability. In a multi-beam survey in which 100% of the areais
covered, horizontal position errors are reduced and therefore vertical repeatability should be a
function of the calibration and accuracy of the equipment. The repeatability of the multi-beam
survey was relatively high.

With the dual frequency survey run over parallel survey lines (transects), the repeatability is also
afunction of the accuracy of the horizontal positioning of the transducer exactly over the same
point in the earlier survey. Also, the low frequency transducer penetrates the water column until
ashift in density occurs that is sufficient to reflect the signal. In the above case, the low
frequency transducer appears to be seeking the harder substrate, but never seemsto lock on to
the distinctive layer. It appears to be fluctuating within the thicker soft sediment layer.
Therefore, the low frequency repeatability is relatively low.

In any survey, positioning exactly over the same point is nearly impossible. 1n the above survey
comparison, the variability in the two surveys is more a function of positioning and the
fluctuating signa return. The results of the low frequency data appear to show some very slight
removal of the harder substrate material, but no firm conclusions can be drawn.

The survey of the upper surface within the undisturbed areas does not show any measurable
natural movements of material within the surveyed areas. It should be noted that the post-dredge
survey was taken approximately 24-36 hours after cessation of dredging. Therefore, no
conclusions can be drawn on the natural shoaling, migrating or scouring of the area from wave,
winds, currents, etc.
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6.2.2.4 Comparison of Post-Dredge & Follow-Up Survey

The follow-up survey was taken almost two weeks after the cessation of dredging thus allowing
alonger period of settling time for the suspended sediments. The results were compared against
the post-dredge survey in lieu of the pre-dredge survey so as to reflect any bottom changes
evident in the period after dredging.

The overall review of the followup survey results indicate that there is a dight decrease in
bottom depths over alarge area when compared against the post-dredge survey. There appears
to be substantial migration of material into the area, including the undisturbed areas, since the
post-dredge survey was conducted. The natural gradient or slope of the bottom is essentially
zexo; therefore, the in-filling that has occurred is most probably the result of weather-induced
movements (wind, waves, currents, etc.) rather than slope-induced movements. While there may
be some shifting and settling of material within the trenches created during the course of
dredging, the predominance of material movements is from outside the surveyed area. In
addition, any transport of material into the area is sufficient erough to mask any consolidation of
material that may have taken place since the cessation of dredging. The magnitude of shoaling
that has occurred since dredging is approximately 459 cubic yards (80% of the material
previously excavated).

It is uncertain as to whether the shoaing evidenced is constant over time or if it is constant in
magnitude. It is also uncertain if this magnitude of shoaling also occurred during dredging. This
shoaling would have been evident in the variance between claimed production and surveyed
production.

The result of the low frequency survey shows the same vertical fluctuations that were observed
on the previous surveys. It is suggested that some vertical variations could be the result of
shoaling that may have occurred between surveys. More likely, the results of the low frequency
surveys were inconsistent.

6.2.3 Conclusions From Hydrographic Surveys
The results of the surveys indicate that measurements of such a small vertical face in sediments

that are very soft and non-homogeneous can be extremely difficult to quantify, especialy in a
shallow, open lake area subject to heavy weather. While the multi-beam survey provides

Final Report Dec 2002
6-43



L ake Okeechobee Pilot Dredging Project

sufficient data to eliminate any interpolation of datathat isinherent in other surveys that
traditionally utilize parallel survey lines, it can be extremely expensive to conduct over very
large areas. In addition, given the accuracy of the vertical measurement of 1 tenth to 2 tenths of
afoot, the error introduced in measuring 1.2 ft (30 cm) of materia is very significant
(approximately 8-16 %). This degree of accuracy in achieving depths is normally of much less
concern in projects removing larger face heights of material since it represents a much smaller
percentage of thetotal. Similarly, if a high frequency transducer is utilized and survey lines are
conducted over paralld transects, the degree of repeatability is greatly lessened by the horizontal
inaccuracy of the vessel (inability to precisely traverse the exact same ling). The reduction in
repeatability increases the potential for additional vertical fluctuations and thus the accuracy of
the quantities removed is potentially jeopardized.

The use of alow frequency transducer makes sense in determining the depth of the hard
substrate. In this particular case, the 28khz transducer appeared to be incapable of defining any
stratification of the sediments that would suggest that the hard substrate was a relatively smooth
surface. This could be the result of arelatively smooth transition between the density of the
softer sediments and the harder substrate whereby the abrupt change in density is not discernible.
Conversely, it could be aresult of not having sufficient transducer power to fully penetrate the
softer layer and define the harder substrate surface, if one exists at all.

Consideration should be given to conducting a brief onsite test of the 28 khz transducer against
a*“sub-bottom profiler”, which uses a lower frequency, more powerful transducer, to attempt to
delineate the hard substrate. A short test of less than 1 day would alow a comparison of the
bottom signatures of both systemsin defining if any stratification of the sub-bottom firm
substrate material exists below the softer mud layer.

The dual frequency transducer system used is a common system that can be used by most trained
personnel. The sub-bottom profiler is a more complex, and expensive system that requires more
sophisticated training and is less common. In addition, the sub-bottom profiler isasingle
transducer system that cannot be used simultaneously with the high frequency transducer.

Hence, it would require double surveys to obtain the same results. Emphasis must be given to
the necessity of having to conduct before and after surveys with the low frequency transducer (or
the sub-bottom profiler). If volume changes in the hard substrate are not significant then either
transducer can be used to give an indication of the depth of the harder substrate and thus the
thickness of the soft mud.
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In reviewing the post dredging surveys, it is apparent that some relatively heavy shoaling has
occurred since dredging was completed. This shoaling is small in height but is expansive in area.
It cannot be concluded with any certainty as to the constant nature of the magnitude of the
shoaing. In the course of execution of any larger lake project, consideration must be given to
the shifting of the soft sediments that will likely be occurring during the course of dredging. In
other words, areas dredged may not be 100 % cleaned of any soft sediment since some latera
transport of material will likely be taking place, especially over longer periods of dredging
activity.

6.2.4 Recommendations For Large-Scale Surveying

The following recommendations are made for the survey methods and equipment to be used in a
much larger Lake Okeechobee project:

Prior To Initiation Of Lake-Wide Surveying

It is recommended that a short test be conducted ontsite to determine if alow frequency
transducer or a sub-bottom profiler will meet project needs in defining the firmer substrate.
The test should be conducted to ascertain if any layering of the substrate could be detected.
If no layering is found, then alow frequency survey will not be of measurable use.

During Lake-Wide Surveying

If the low frequency test indicates that a firm substrate is detectable, conduct a dual

frequency “before removal “survey (or two surveys using a high frequency transducer and a
sub-bottom profiler) on aline spacing (transects) to suit the project size. On small areas
where volumes are important, line spacing of 100 feet is suggested. On larger areas, or
where volume computation is less significant, use of line spacing of 250 — 500 feet or moreis
recommended.

Use the low frequency output from the before removal survey to ascertain the thickness of
the mud layer for project planning purposes.

Conduct a single frequency “”after removal” survey using the high frequency transducer on
the same line spacing as the “before removal “ survey.
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Compute volume changes on only the upper, soft sediment (mud) line between the before
and after surveys. Volumes should not be used for payment purposes unless recognition of
the significance of the vertical error is considered.

Measure the high frequency results from the after removal survey against the before removal
survey to generate volumes removed and to gauge the relative percentage of penetration into
the firmer substrate.

Contract provisions should be evaluated to recognize the impacts that shoaling may have on
any volumes that are computed by survey methods. Even a small amount of vertical change
from shoaling can have an appreciable impact on surveyed volumes.
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7.0 DESIGN, CONSTRUCTION, AND OPERATION OF THE
CONFINED DISPOSAL FACILITY

The purpose of the CDF was to provide an environmentally protected, temporary storage area for
sediments after they were dredged from the lake bottom. After being deposited into the CDF, the
dredged material was allowed to settle for 24-48 hours. Upon settling, a portion of the
supernatant liquid was skimmed from the top of the CDF and fed into the PWTS for treatment to
remove phosphorus.

7.1  TOPOGRAPHIC SURVEY

A topographic survey was conducted to delineate the topography of the area selected for
congtruction of the CDF. This information was subsequently used to define the roadway,
roadway embankment, and the footprint of the proposed facility.

The survey was performed by Mixon Land Surveying of Jupiter, FL on February 23, 2001. The
vertical datum was National Geodetic Vertical Datum (NGVD) 1929, and the reference
benchmark for the survey was the South Florida Water Management disk set in concrete,
stamped "B.M. S-153 1995." Its published elevation was 32.65 ft NGV D. The baseline
topography was generated from a series of cross-sections taken across the roadway, down the
embankment, and to the edge of the canal. Information obtained from the topographic survey is
included in the final engineering drawings for the CDF.

7.2  SUBSURFACE INVESTIGATIONS

This investigation was necessary to identify the nature of the subsurface soils to evaluate their
use in the construction of the CDF dikes. Two test pits were dug in November 2001 by Trident
Tech Servicesin the selected CDF area.  Pocket penetrometer and toro vane tests were
performed in the field. A grain size analysis, a percent organic content, and proctor tests were
performed in the laboratory on grab samples collected from the test pit.

! Lake Okeechobee Pilot Dredging Project— Engineering & Design Report (EA, 2002).
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The investigation identified a fine sand layer at the ground surface with some rock fragments and
little silt and clay. The sand layer was approximately 3.5 ft [1.1m] thick. Beneath the sand
layer, a6 in [15 cm] muck layer was identified, which consisted primarily of dark brown fine
sand with organics. Gray silty sand was identified beneath the muck layer, which appeared to
continue beyond the bottom of the test pits at approximately 7 ft [2.2 m] below ground surface
(bgs). The groundwater table was encountered at approximately 6 ft bgs.

7.3 DESIGN BASIS

The CDF was designed in accordance with the guidelines for minor impoundments established
by the District (SFWMD 2000a). Primary considerations associated with the CDF design
included:

Holding Capacity — The CDF was designed to hold up to 6,000 cubic yards [4,600 cubic
meters) of dredged material with a2 ft [61 cm] of freeboard as required by the District
guidance on construction of minor impoundments (SFWMD 2000a).

Dike Stability — The perimeter dikes were constructed of native materials obtained from
excavating the inside of the CDF and a selected area adjacent to the CDF. The slopes of the
dikes were based on the results of a previously conducted slope stability analysis which had
shown that internal and external slopes of 2H:1V (i.e., a2 to 1 horizontal/vertical ratio)
would provide adequate safety factor (>1.3), as recommended by COE Guidelines (COE,
1987).

Synthetic Liner —The CDF was completely lined with a high-density polyethylene (HDPE)
liner to ensure that materials stored inside would not leach into the groundwater. The liner
was laid down in panels, which were then welded together by double wedge seams.
Destructive and non-destructive tests performed onthe seams verified their integrity.

Soil Erosion and Control — Since the entire CDF footprint was cleared of grass and brush at
the beginning of construction, the exposed area was very susceptible to erosion. The
following soil erosion control measures were implemented at the site to ensure that soils did
not leave the area
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1. A silt fence was placed along the entire length of the site by the canal to trap sediment in
the runoff before it reached the St. Lucie Canal.

2. A grass and brush buffer was left intact along the canal to provide natural sediment
control.

3. After construction of the CDF, the dikes and other disturbed areas were seeded to provide
grass coverage to minimize erosion.

The CDF dikes were ingpected after every rainfall event and the areas showing erosion were
appropriately fixed.

74

CONSTRUCTION

The CDF was constructed by Rockett Environmental Services Inc. (RESI) of Deerfield Beach,
FL under a subcontract to EA, in accordance with the fina drawings that were approved by the
District. Construction began on March 14, 2002. Significant steps in the construction process
included:

10.

A silt fence was installed around the delineated footprint and the area was cleared of
vegetation and scrub.

The excavation of the two CDF cells was then initiated.

Excavated material was placed around the excavations and compacted to construct the dikes.
Additional material was removed from an adjacent borrow pit to complete construction of the
dikes.

Soil compaction tests were conducted.

Once the dikes were completed, the HDPE liner was deployed and seamed over the interior
of the CDF. Liner deployment took approximately one week and was completed on April 8,
2002. Destructive and nort+destructive seam tests were conducted on the liner.

Disturbed areas were seeded and maintained as required by the erosion-control plan.

A chain-link fence was installed around the perimeter of the site.

As-built drawings were prepared and the ERP As-Built Certification by a Registered
Professional form was completed and submitted to the FDEP on April 23, 2002 to document
the final, as-built condition of the CDF.

Following an inspection by FDEP personnel, approval to start using the CDF was received
on May 8, 2002.
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As required by the work plan, weekly construction progress reports were prepared and submitted
to the Didtrict. Site photos were used to document weekly progress during the construction of
the CDF. Additional details on the design and construction of the CDF were presented in the
report entitled Lake Okeechobee Pilot Dredging Project — Engineering & Design Report (EA,
2002c).

7.5 OPERATION OF THE CDF

The purpose of the CDF was to provide a temporary upland storage area for the dredge slurry,
prior to final disposal or re-use as determined by the District. The CDF was constructed with
two equally sized holding ponds (east and west), each capable of holding up to 3,000 yd® [2,300
nT’] (approximately 600,000 gallong[2.3 million liters]). The ponds were designed to provide a
settling system for the dredge slurry that would promote natural water and solids separation from
the dredge durry. Both ponds were aso lined with a40 ml HDPE liner to comply with the FDEP
requirements for this project, and to ensure that all material generated from the dredging
operations would remain on site until final disposition was determined by the District.

Once the cargo barge was filled to the allowable maximum draft, dredging operations were
halted and the cargo barge was pushed to the CDF shoreline transfer arealocated directly
offshore from the western pond. A 6 ft [1.8 m] draft was determined in the field to be the
maximum draft allowable for safe passage through the Port Mayaca channel. A 6in[15 cm]
hydraulic pump, identical to the pump used in the dredging operations, was used to transfer the
dredge durry from each of the six storage chambers used on the cargo barge to the holding
ponds. A 90 ft [27.4 m] boom truck was used to lift the hydraulic pump into each of the
chambers and to guide the discharge hose to the appropriate holding pond. To minimize the
amount of sediment accumulation in each of the storage chambers, the transfer pump was
outfitted with a durry gate to agitate and resuspend the dredge slurry prior to discharge to the
holding pond. This procedure reduced the volume of material in each chamber to less than 1 ft
[30 cm] (see Table 5-3) for cargo-barge pumping data.

The western pond was used as the primary holding area for the dredge durry and served as the
chemical water-treatment feed source. The eastern pond was used as a secondary storage area for
the dredge slurry and the served as the primary storage area for the effluent generated during
chemical treatment. Parameters monitored at the CDF included water quality of the supernatant,
which was fed into the water treatment system. Results from this monitoring are presented in
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Chapter 6 (Tables 6-13 to 6-16). No other data was collected at the CDF during the course of the
project.

76 CDF MAINTENANCE AND CLOSURE

The FDEP Permit requires that following evaporation of the supernatant, the sediments in the
CDF be tested and a sediment disposal plan be submitted to the FDEP. Upon approval, the
sediments are to be disposed of according to the submitted plan. Following the disposal of the
sediments, the CDF will be dismantled and the site will be appropriately restored.
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8.0 DESIGN,CONSTRUCTION, AND OPERATIONOF THE PILOT
WATER TREATMENT SYSTEM

The primary objective of the pilot water treatment process was to evaluate the effectiveness of
alternative water trestment technologies for the removal of total phosphorus (TP) from the
supernatant of Lake Okeechobee dredged sediments. The target TP concentration of the

supernatant after treatment was less than or equal to 40 ng/L.

Bench-scale studies conducted previously had evaluated pros and cons of several alternate water
treatment technologies for reducing phosphorus concentrations. Options evaluated included use
of alum and ferric salts as precipitating agents, both of which have been previously shown to be
effective in reducing total phosphorus concentrations to below 40 ug/L®. Ferric chloride was
selected for the field demonstration. Alum was not considered due to the potentia for bio
toxicity. The scope of work for the water trestment task was to consider the potential for
discharging/returning the treated effluent back to the lake. Use of alum could potentially
jeopardize this effluent disposal alternative.

81 PREDESIGNACTIVITIES

Predesign activities for the pilot water treatment process included bench-scale batch studies of
alternative water treatment technologies. The water treatment technologies examined were
chemical precipitation/flocculation (polymer flocculation) and chemical precipitation/
microencapsulation (microencapsulation), with bench-scale batch tests conducted on Lake
Okeechobee dredge water samples.

The polymer flocculation studies were conducted on the supernatant of a dredge spoil sample,
which was treated with a chemical precipitator (ferric chloride) and a flocculating agent (a hight
molecular-weight polymer). Ferric chloride is used as a binding and precipitating agent for
phosphorus species. Polymer is added to increase the size of floc, which further enhances
precipitation.

Chemical Treatment Followed by Solids Separation Advanced Technology Demonstration Project.” Final Report
prepared by HAS Engineers & Scientists for the South Florida Water Managerment District (Contract # E10650).
Dec 2000.

Final Report Dec 2002
&1



L ake Okeechobee Pilot Dredging Project

The microencapsulation studies were conducted on the supernatant of a dredge spoil sample,
which was treated with ferric chloride and a proprietary microencapsulating agent (KB-1,
KEECO Inc.). After addition of ferric chloride, KB-1 is added to promote precipitation by
encapsulating the resultant precipitate in a silica matrix.

Results of the bench scale studies indicated that both polymer flocculation and microencapsulation
appeared to achieve the target TP of less than or equal to 40 ng/L for the treated samples. These
two technol ogies were deemed suitable for further evaluation during the pilot water treatment
processing. A detailed discussion of the bench scale studies is included in the Lake Okeechobee
Pilot Dredging Project — Sediment Bench-Scale Testing Report (EA, 2002b).

8.2 DESIGN SPECIFICATIONS

The pilot water treatment process was designed to be a continuous- flow system that would
accommaodate testing of both the polymer flocculation and microencapsulation technologies.
Figure 8-1 presents the conceptual process flow diagram for the system. The key process
components of the pilot water treatment system were as follows:

Skimmer System (Skimmer and TP-1) — A floating influent skimmer assembly and pump
designed to obtain supernatant from dredge sediments in the CDF subsequent to a settling
period.

Influent Equalization System (T-1, T-2, and TP-2) — Two influent equalization tanks and a
feed pump. The tanks were designed to hold a volume of water expected to be treated in one
day and were designed and installed with the option to provide mixing of the full volume, if
necessary.

Flocculation Tanks (T-7, T-8, M X-5 and M X-6) — Two tanks with variable speed mixers
designed to provide an environment for the development of flocculation particul ates.

Settling System (T-9) — A settling tank with a tube settler pilot assembly inserted into the
tank to mechanically encourage the settling/removal of particulates from the flow stream.
Chemical Feed System (T-3, T-4, T-5, T-6, M X-1, M X-2, M X-4, and M X-7) — Three
chemical holding tanks with mixers designed to provide continuous mixing. Three chemical
metering pumps were also included and were designed to meter accurate and adjustable doses.
Ancillary Equipment (includes T-10, T-11, and TP-4) — In-line mixer to enhance chemical
mixing, an effluent holding tank, solids holding tank, and transfer pump to provide flexibility in

Final Report Dec 2002
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L ake Okeechobee Pilot Dredging Project

collection and sampling of system effluent, aflow meter, two pH probes, and several sample
ports in various locations in the system.

83 CONSTRUCTION

The pilot water treatment process facility was assembled by Engineered Environmental
Solutions, Inc. of Deerfield Beach, FL under EA’s supervision. The facility was constructed on
the western portion of the site, adjacent to the west cell berm of the CDF. Figures 8-2 and 8-3
provide a schematic of the pilot water treatment system and an overview of the site, respectively.
The floating skimmer influent system was placed in the west cell, after a sufficient quantity of
dredge material had been deposited; while the influent pump (TP-1) that drew water through the
influent skimmer system was installed on the berm of the west cell.

Both influent equalization tanks were placed adjacent to the berm to minimize pumping
distances for both TP-1 and TP-2. Primary components of the pilot water treatment system were
assembled and mounted on a low, flatbed trailer (8 ft x 16 ft [2.4 m x 4.8 m]), which was aso
positioned adjacent to the berm and north of the influent equalization tanks. The effluent holding
tank and solids handling tank were placed directly north of the processtrailer. An Operation and
Maintenance (O& M) manual was provided by the contractor at the conclusion of construction.
As-built photos of the PWTS are included in Appendix F. Minor changes that were made to the
system during construction and operation are listed below:

A vave was ingtaled on the T-6 process line to prevent process backflow into T-6, which
was occurring due to as-built hydraulic conditions.

The tube settler module, originally intended to be a free-floating unit, was stabilized during
the operation of the system. The action of the module moving in the tank appeared to cause
disturbance of the floc settling within the tubes. To minimize this movement, the tube settler
module was mechanically fixed in place in T-9.

Piping was installed on T-8 to allow for adequate clean out of the tank.

Final Report Dec 2002
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84 PROCESSOPERATION

Dredge material removed during the pilot dredging project was deposited in the CDF (west cell)
and allowed to settle for approximately 48 hours. A decanting skimmer inlet system was used to
pump (TP-1) supernatant from the CDF to two 6,000-gallon (gal) influent equalization tanks (T-
1 and T-2).2 After the equalization tanks were full, the supernatant was sampled and analyzed
for TP to calculate the appropriate dosage of ferric chloride. The supernatant was also analyzed
for ortho Phosphorus (ortho P), total suspended solids (TSS), and total iron (Fe).

After receiving laboratory analysis of the TP concentration, the supernatant was pumped at arate
of 10 gpm through the treatment system. The process flow was dosed with ferric chloride
solution upstream of an in-line static mixer. During the chemical precipitation/ micro-
encapsulation processing, sulfuric acid was also added. The ferric chloride solution and sulfuric
acid were stored in 5 gallons [18.9 L] chemical feed tanks (T-3 and T-4) and then pumped into
the process line via chemical- metering pumps (MP-1 and MP-4) to ensure accurate continuous
dosage. The influent of the system included a metering instrumentation station that measured the
flowrate and pH of the influent supernatant.

After the in-line static mixer, the process stream flowed into a 200 gallon [757 L] working
volume flocculation tank (Floc Tank #1, T-7), where it was dosed with polymer (or
encapsulating agent) and slowly mixed. The polymer and encapsulating agent were stored in
feed tanks (5 gallon [18.7 L] [T-5] and 55 gallon [208 L] [T-6], respectively) and were pumped
to the flocculation tank via chemica metering pumps (MP-2 and MP-3) to ensure accurate,
continuous dosage. For the microencapsulation technology, the process flow was dosed with
sulfuric acid (stored in T-3) prior to Floc Tank 1, since pH adjustment was necessary. The
process flow was then directed to a second 200 gallon [757 L] flocculation tank (Floc Tank #2,
T-8, working volume = 180 gallon [681 L]), where additional mixing and flocculation occurred.

The process flow was then directed to a settling tank that contained a tube settler module (Tube
Settler, T-9) to encourage settling of the floc. A metering station positioned after the settling
tank measured the pH of the treated supernatant, which was then pumped to a 4,000 gallon
[15,000 L] storage tank (Effluent Holding Tank, T-11) for laboratory and in-situ analysis and
eventual return to the CDF (east cell). The accumulated particulates at the base of the tube

2 Due to a 24-hour lab turnaround time, two equalization tanks were used to allow for continuous processing.

Final Report Dec 2002
&7



L ake Okeechobee Pilot Dredging Project

settler were discharged daily to a 400-gal storage tank (Solids Holding Tank, T-10) for
gualitative and quantitative analysis and eventual return to the east cell CDF (Figure 8-1). The
process utilized gravity flow from Floc Tank #1 to the Solids Holding Tank. Pumps were used
to transfer flow in the remainder of the process. With a supernatant flow rate of 10 gpm, the
retention time of the continuous flow portion of the system was approximately 1 hour.

During operation of the pilot treatment process, EA employees and subcontractors followed
health and safety requirements as outlined in the site Lake Okeechobee Pilot Dredging Project —
Health and Safety Plan (EA, 2001e) and the Health and Safety Plan Addendum (EA 2002).

85 METHODOLOGY

Water treatment was performed from May 30, 2002 through June 8, 2002. Chemical
precipitation and flocculation were cond ucted using ferric chloride (33.7% FeCk, Engineered
Environmental Solutions) and a high- molecular-weight polyacrylamide-based polymer
(NALCLEAR 8184, Nalco Chemica Co.), with approximately 11,600 gallons [44,000 L] of
supernatant treated during processing.

Chemical precipitation and microencapsulation was conducted using FeCk and a
microencapsulating agent (KB-1, KEECO Inc.). Sulfuric acid (dilute) was used to adjust the pH
of the influent before addition of the microencapsulating agent. Approximately 7,700 gallon
[29,000 L] of supernatant was treated during processing.

During operation of the pilot water treatment process, qualitative and quantitative analyses were
conducted for treated and untreated supernatant and removed particulates. The following
process samples were collected during pilot water treatment processing:

Influent water characterization samples—immediately after an equalization tank was filled, a
water sample was collected and sent to the laboratory for analysis (24-hr turnaround) of TP,
ortho P, TSS, and Feo;. A total of 8 influent water characterization samples were collected
during processing.

Effluent water characterization samples—After the completion of each day’s treatment
processing, effluent water characterization sampleswere collected and sent to the laboratory for
analysis (24-hr turnaround) for some or all of the following: TP, ortho P, TSS, Feqt, and Priority
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Pollutant List (PPL) metals. A total of 14 effluent water characterization samples were collected
during processing.

Water quality samples—Water samples were collected to evaluate the water quality of pre-
and post-treatment supernatant. Water quality samples were analyzed for the following
anaytes: alkalinity, hardness, fecal coliform, total organic carbon (TOC), total Kjeldahl
nitrogen (TKN), nitrate and nitrite (total and dissolved), ammonia (dissolved), and dissolved
P. A tota of four influent and four effluent samples were collected and analyzed for selected
parameters to determine “lake readiness’ of the treated effluent.

Particulate samples—Particul ate samples were collected to investigate settling times, percent
solids, and waste characteristics of particulates removed from the effluent water stream
during processing. Particulate settling times were measured in the field, while percent solids
and waste characteristics were obtained by laboratory analysis. Anaysis for waste
characteristics included Toxicity Characteristic Leaching Procedure (TCLP) for some or all
of the following: metals, phosphorus, herbicides, and pesticides. A TCLP waste
characterization was conducted on the particul ates generated from each of the treatment
technologies.

Quality Control (QC) Samples—A tota of 7 QC samples were collected during field
activities and included two field duplicates analyzed for TP, ortho P, TSS, and Feyt, one (1)
matrix spike/matrix spike duplicate (MS/MSD) anayzed for TP, and four field duplicates
analyzed for water quality analytes.

In-situ measurements recorded during processing included temperature, pH, and turbidity.

Laboratory analysis of water and particul ate samples collected during pilot treatment was
performed by PPB Environmental Laboratories Inc. (Gainesville, FL) and Phase Separation
Science (Baltimore, MD). Insitu pH measurements were collected using +GF+Signet pH/ORP
Meter. Insitu turbidity measurements were obtained using a Hach Portable Turbidimeter
(Model 2100P).
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8.6 RESULTS
8.6.1 Influent

Before processing began, supernatant was pumped from the CDF (west cell) to two 6,000 gallon
[22,700 L] influent equalization tanks (T-1 and T-2). Water samples[TANK 1 and TANK 2]
were collected on May 27, 2002 and sent to the laboratory for TP analysis. The following
analytical results were reported:

TANK 1 TANK 2
TP =264 ug/L, TP = 260 pg/L

Tables 8-1, 8-2, and 8-3 present the laboratory results that were reported for samples collected
during project activities. Criteria and guidance to screen laboratory and field data are presented
in Table 8-4.

Since treatment was not started until May 30, 2002, additional water samples (WATER-530-03
and WATER-531-03) were collected to recharacterize the supernatant prior to processing, with
the following results:

TP =177 ug/L (WATER-530-03)
ortho P =103 pg/L (WATER-531-03)
TSS = 4 mg/L (WATER-531-03)
Feo: = 383 ng/L (WATER-531-03).

The influent supernatant was observed to be virtually colorless, with no large suspended or
settled particulate matter. The following subsections discuss processing results for the polymer
flocculation and microencapsulation technologies.

8.6.2 Polymer Flocculation
The polymer flocculation technology was used to process supernatant from May 30, 2002

through June 3, 2002. A total of seven trials were conducted using various dosages of ferric
chloride and polymer. The process flow rate was held constant at 10 gpm [38 I/min].
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Table 8-2 Summary of Laboratory Analysis for PPL Metals (Polymer Flocculation Technology)

Field sample|D:

Lake Okeechobee Pilot Dredging Project

ATER-530-04

(Chemical Precipitation/Flocculation)
L ocation:||Effluent Sample - PWTP

Sample Date:||05/30/02
Screening
Analyte M ethod Criteria Units Conc DL Flags

Antimony 200.8 14 ng/L ND 35
Arsenic 200.7 50 ng/L ND 2.5
Beryllium 200.7 0.01 ng/L ND 0.2
Cadmium 200.7 1.77 ng/L ND 0.4
Chromium 200.7 329 ng/L 3
Copper 200.7 19.2 ng/L 7.3
Lead 200.7 6.53 ng/L ND 2.4
Mercury 200.7 0.01 ng/L ND 0.1
Nickel 200.7 254 ng/L 2.2
Selenium 200.7 5 ng/L ND 1.4
Silver 272.2 0.07 ng/L ND 0.2
Thallium 200.7 17 ng/L ND 4.4
Zinc 200.7 171 ng/L 30.5

Results that exceed criteria are shaded

PPL - Priority Pollutant List

ND - Not Detected

PWTP - Pilot Water Trestment Process

* - Detection limit exceeds screening criteria
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Table8-4 Water Quality Screening Criteria

Lake Okeechobee Pilot Dredging Project

Analyte EPA Method Unit Limit Reference
Temperature NA °F 5 above NB a
Turbidity NA NTU 29 above NB a
TSS 160.2 mg/L - -
pH NA SU 6-85 a
Total Phosphorus 365.1 ng/L 40 b
Tota Iron 200.7 mg/L 0.3 a
Total Nitrogen 351.2 mg/L 10 a
Total Nitrogen - Ino 353.2 mg/L 10 a

PPL Metals
Antimony 200.8 ng/L 14 a
Arsenic 200.7 ng/L 50 a
Beryllium 200.7 ng/L 0.0077 a
Cadmium * 200.7 ny/L 1.77 a
Chromium 2 200.7 ny/L 329 a
Copper ® 200.7 ny/L 19.2 a
Lead* 200.7 ny/L 6.53 a
Mercury 200.7 ng/L 0.01 a
Nickel ° 200.7 no/L 254 a
Selenium 200.7 ng/L 5 a
Silver 272.2 ng/L 0.07 a
Thallium 200.7 ng/L 1.7 a
Zinc® 200.7 no/L 171 a
TCLP Metals
Arsenic EPA 1311/200.8 mg/L 5 C
Barium EPA 1311/200.8 mg/L 100 c
Cadmium EPA 1311/200.8 mg/L 1 C
Chromium EPA 1311/200.8 mg/L 5 c
Lead EPA 1311/200.8 mg/L 5 C
Mercury EPA 1311/200.8 mg/L 0.2 c
Selenium EPA 1311/200.8 mg/L 1 C
Silver EPA 1311/200.8 mg/L 5 c
TCLP Herbicides
2,4,5-TP (Silvex) EPA 1311/8151 mg/L 1 c
24-D EPA 1311/8151 mg/L 10 C
TCLP Pesticides
Lindane EPA 1311/8081 mg/L 0.4 C
Heptachlor EPA 1311/8081 mg/L 0.008 c
Heptachlor Epoxide| EPA 1311/8081 mg/L 0.008 C
Endrin EPA 1311/8081 mg/L 0.02 c
M ethoxychlor EPA 1311/8081 mg/L 10 C
Toxaphene EPA 1311/8081 mg/L 0.5 c
Chlordane EPA 1311/8081 mg/L 0.03 C
Notes for this table are on the next page
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Lake Okeechobee Pilot Dredging Project

Table8-4 Screening Criteria

Notes:
note: Lake Okeechobee is classified as a Class 1 body of surface water (potable water supply)
b - Criteriais based on the South Florida Water Management District guidance, which is the target concentration
of the SWIM Act (Florida Statutes, Sections 373.451 and 373.4595)
¢ - Criteriais based upon Federal regulations outlined in 40 CFR 261.24.
NA - Not Applicable
NB - Natural Background
NTU - Nephalometric Turbidity Units
PPL - Priority Pollutant List
SU - Standard Units
TCLP - Toxicity Characteristic Leaching Procedure
1 Limit for cadmium must be calculated usi ng the following equation: L = exp(0.7852*In(H) - 3.49)
where H = hardness (measuresed amg/L of CaCO3)
Note: For this screening criteria, H has been designated as 176 mg/L, based upon effluent water quality results
2 Limit for chromium must be calcul ated usi ng the following equation: L = exp(0.819*In(H) + 1.561)
% Limit for copper must be calculated using the following equation: L = exp(0.8545* In(H) - 1.465)
4 Limit for lead must be calculated usi ng the following eguation: L = exp(1.273*In(H) - 4.705)
® Limit for nickel must be calculated usi ng the following equation: L = exp(0.846*In(H) + 1.1645)
® Limit for zinc must be calculated usi ng the following equation: L = exp(0.8473*In(H) + 0.7614)
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L ake Okeechobee Pilot Dredging Project

8.6.2.1 Effluent from Polymer Flocculation

Seven trials were performed for the polymer flocculation technology. Table 8-5 summarizes the
process volume, treatment dosages, and laboratory results for influent and effluent target
analytes, and in-situ turbidity and pH measurements for each processtrial. The target effluent
TP concentration (of less than or equal to 40 pg/L) was achieved for five of the seven trials
(Trials 3 through 7). During Trials 1 and 2, lower dosages of ferric chloride were used during
processing, and the target effluent TP concentration was not achieved. The lowest TP
concentration achieved during the processing was obtained during Trial 7, with areported result
of 7 ug/L. The Fe:P molar ratio for these trials ranged from 164 to 288, and the polymer dosages
ranged from 14 to 70 mg/L. These results are consistent with results achieved during the bench
scale study of the polymer flocculation technology mentioned in Section 8.1.

However, the following notable observations were recorded during the pilot treatment trials:

Based upon the bench scale studies, pH adjustment was not anticipated to be necessary
during pilot processing. However, during the pilot water treatment trials, the pH for the
treated effluent was observed to be considerably lower than pH levels recorded during the
bench-scale studies (the pH differed by at least 2 units) even though similar chemical dosages
were used. The pH range measured after chemical addition during the bench-scale studies
was 5.6 to 6.6, versus a pH range of 2.8 to 4.3 for pilot Trials 3 through 7. Although it is not
clear why disparity exists between the pH levels for the two treatment events, the low pH
observed during the pilot water treatment trials may have affected the amount of coagulation
that was achieved by the ferric chloride.® Thus, it is possible that lower chemical dosages
may yield better TP removal if the pH is regulated during processing. It should be noted that
the effluent pH of Trials 3 through 7 fail to meet the project screening criteria of pH range 6—
8.5 (See Table 8-4).

During processing, floc (in varying sizes and amounts) were observed to pass through the
settling module for each trial. These field observations are consistent with laboratory results,
which reveal that the TSS of treated effluent was greater than untreated influent TSS. It
should be noted that it was expected that TSS would increase during the chemical addition
steps of the process, due to both the precipitation of dissolved species by the ferric chloride

3According to literature, effective phosphorus removal can be achieved within the range of pH 5.5 to 7.0 (Metcalf &
Eddy, Inc. Wastewater Engineering— Treatment, Disposal, and Reuse. Third Edition. Irwin McGraw-Hill. 1991.)
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L ake Okeechobee Pilot Dredging Project

and the addition of the polymer. However, based upon observations and laboratory analysis
conducted during the bench scale studies, it was also expected that after the settling step TSS
levels of the effluent would be lower than TSS levels of the influent. Severa factors may
potentialy account for the elevated TSS levels in the PWTS effluent, such as:

- Insufficient settling time in the Tube Settler (T-9)

- Insufficient settling by the Tube Settler Module

- Insufficient floc formation in Floc Tanks #1 and #2 (T-7 and T-8, respectively), which
may be caused by tank dimensions or the stirring dynamics of the tank mixers.

It should be noted that in-situ turbidity measurements were, in general, lower for the effluent
versus the influent. However, turbidity is a function of suspended and colloidal material (as
well as dissolved), colored substances and microscopic organisms. Thus, correlation of
turbidity and TSS may be difficult due to variations in the light-absorbing (or scattering)
properties of these constituents within a fluid.*

Iron concentrations of processed effluent were higher (by an order of magnitude) than
concentrations reported for the influent, which is not consistent with results obtained during
the bench-scale studies.® It should also be noted that the concentrations reported for total
iron in the effluent samples fail to meet the project screening criteria of 3000 mg/L (see
Table 8-4).

One sample, (WATER-530-04), was analyzed by the laboratory for PPL metals. Results of
the analysis indicate that no detected analytes exceeded screening criteria (see Table 8-2).

In summary, the polymer flocculation technology reduced supernatant total phosphorus
concentrations to less than 40 ng /L in five out of seven tests. The total phosphorus limit was not
attained in two of the tests due to inadequate addition of the ferric chloride. However, effluent
requirements were not met by this technology, due to the elevated pH and iron concentraionsin
the effluent.

4 American Public Health Association, Anerican Water Works Association, Water Environment Federation.
Standard Methods for the Examination of Water and Wastewater. 20" Edition. 1998.

® Laboratory results for effluent in the bench-scale studiesindicated that iron concentrations decreased by up to
approximately 1/3 of the influent iron concentration of 1740 ng/L.
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L ake Okeechobee Pilot Dredging Project

8.6.2.2 Particulates from Polymer Flocculation

A total of 6 particulate samples were collected to investigate settling times, percent solids, and
waste characteristics of particulates that were removed from the effluent water stream during
processing.

Particulate Settling and Percent Solids

One particul ate sample (S-63-01) was collected to characterize settling within the Tube Settler
Tank (T-9), while the remainder of the samples were collected to characterize settling within the
Solids Handling Tank (T-10). Each of the collected particul ate samples were alowed to settle
undisturbed, and the particul ate volumes were measured periodically to determine settling rates.
Table 8-6 presents the settling data collected for each of the particulate samples. Figures 8-4 and
8-5 present graphical representations of the data. A discussion of the datais provided in the
subsections below.

Tube Settler Characterization — Based upon field observations and results of the settling data for
S-63-01, the mgjority of bulk settling for this sample occurs within the first hour, with a small
amount of compression settling occurring over the next 23 hours (see Figure 8-4). It should be
noted that the bulk settling time mentioned above is | ess than the settling times observed during
the bench-scale studies, with settling times equal to approximately 3 hours.

At 24:00 hours, the ratio of saturated solids to supernatant for S-63-01 is approximately 28:972,
yielding a particul ate content of 2.77 % solids (saturated). Thus, the saturated volumetric phase
ratio (at t = 24 hours) of the effluent is calculated to be 27.7 mL solids per 1000 mL untreated
effluent®. The field observations and measurements seem to indicate that approximately one
hour (or equivalent time, based on tube settler efficiency) is necessary to achieve successful
particulate removal during processing. However, it should be noted that the settling
characterization is based upon batch conditions, which may not be entirely characteristic of the
continuous flow process. Laboratory results indicate that the percent solids for this sample were
0.12%.

® It should be noted that the saturated volumetric phase ratio is time dependent. Also, since the volumetric ratio of
treatment chemicals to untreated supernatant is small (approx. 0.002 gal chemicals/gal supernatant), the saturated
volumetric phase ratio can be assumed to be the ratio of saturated particul ates to untreated supernatant.
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Lake Okeechobee Pilot Dredging Project

Table 8-6 Particulate Settling Data - Polymer Flocculation Technology

S-529530 (Collected on 5/31/02 at 1300)

Diameter of container (cm) = 8.00
Cross-sectional area of container (sz) = 50.27

Height of Layer - from Volume of Particulate
Date/Time Effective Time (hr) bottom of container
Layer (mL)
(cm)
5/31/2002 13:00 0:00:00 10.3 517.7
5/31/2002 14:00 1:00:00 5.7 286.5
5/31/2002 15:00 2:00:00 5.1 256.4
5/31/2002 16:00 3:00:00 4.8 241.3
6/1/2002 8:00 19:00:00 4.4 221.2
6/1/2002 13:30 24:30:00 4.1 206.1
6/3/2002 9:00 68:00:00 4 201.1
6/4/2002 9:00 92:00:00 3.7 186.0
6/4/2002 13:00 96:00:00 3.7 186.0

S-531 (Collected on 6/1/02 at 0945)

Diameter of container (cm) = 5.9388
Cross-sectional area of container (sz) = 27.70

Height of Layer - from Volume of Particulate
Date/Time Effective Time (hr) bottom of container
Layer (mL)
(cm)
6/1/2002 9:45 0:00:00 36.1 1000.0
6/1/2002 11:45 2:00:00 10.6 293.6
6/1/2002 12:45 3:00:00 8.8 243.8
6/1/2002 13:45 4:00:00 8.1 224.4
6/2/2002 9:45 24:00:00 5.6 155.1
6/3/2002 9:00 47:15:00 5 138.5
6/4/2002 9:00 71:15:00 4.5 124.7
6/4/2002 13:00 75:15:00 45 124.7

S-61 (Collected on 6/2/02 at 0900)

Diameter of container (cm) = 9.00
Cross-sectional area of container (cm?) =  63.62

Height of Layer - from |, | o of Particulate
Date/Time Effective Time (hr) bottom of container
Layer (mL)
(cm)

6/2/02 09:00 0:00:00 15 954.3
6/2/02 10:00 1:00:00 9.1 578.9
6/2/02 11:00 2:00:00 7 445.3
6/2/02 12:00 3:00:00 6 381.7
6/2/02 13:00 4:00:00 5.3 337.2
6/3/02 09:00 24:00:00 3.9 248.1
6/4/02 09:00 48:00:00 3.6 229.0
6/4/02 13:00 52:00:00 3.6 229.0
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Lake Okeechobee Pilot Dredging Project

Table 8-6 Particulate Settling Data - Polymer Flocculation Technology

S-62 (Collected on 6/3/02 at 0900)

Diameter of container (cm) =
Cross-sectional area of container (sz) =

5.9388
27.70

Height of Layer - from

Volume of Particulate

Date/Time Effective Time (hr) bottom of container
Layer (mL)
(cm)
6/3/02 09:00 0:00:00 36.1 1000.0
6/3/02 10:00 1:00:00 35.6 986.1
6/3/02 11:00 2:00:00 35.1 972.3
6/3/02 12:30 3:30:00 34.3 950.1
6/3/02 14:00 5:00:00 33.6 930.7
6/4/02 09:00 24:00:00 26.1 723.0
6/4/02 13:00 28:00:00 25.2 698.1
S-63-01 (Collected on 6/3/02 at 1300)
Diameter of container (cm) = 5.9388
Cross-sectional area of container (sz) = 27.70

Height of Layer - from

Volume of Particulate

Date/Time Effective Time (hr) bottom of container
Layer (mL)
(cm)
6/3/02 13:00 0:00:00 36.1 1000.0
6/3/02 14:00 1:00:00 1.5 41.6
6/4/02 09:00 20:00:00 1 27.7
6/4/02 13:00 24:00:00 1 27.7
S-63-02 (Collected on 6/3/02 at 1300)
Diameter of container (cm) = 5.9388
Cross-sectional area of container (cm?) = 27.70

Height of Layer - from

Volume of Particulate

Date/Time Effective Time (hr) bottom of container
Layer (mL)
(cm)
6/3/02 13:00 0:00:00 36.1 1000.0
6/3/02 14:00 1:00:00 11.3 313.0
6/4/02 09:00 20:00:00 4.5 124.7
6/4/02 13:00 24:00:00 4.5 124.7
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L ake Okeechobee Pilot Dredging Project

Solids Handling Tank Characterization — Laboratory data (and field observations) for
particulate samples S-529530, S-531, S-61, S-62, and S-63-02 indicate that the majority of bulk
settling occurs within the first hour, with compression settling occurring over the next 23 hours
(see Figure 8-5). It should be noted that Sample S-62 does not appear to have the same settling
characteristics as the other samples, possibly indicating that a representative sample of the
particulates/residual effluent may not have been collected from within the Solids Settling Tank.

The percent solids results for these samples were within the range of 0.25 to 0.28%, except for
sample S-62, which had a percent solids result of 0.73%. The noticeably higher percent solids
result for S-62, compared to the other samples, would be characteristic of the higher volume of
particul ates observed during settling (Figure 8-5).

Particulate Waste Characterization — Particul ate waste characterization included TCLP analysis
for metals, herbicides, and pesticides, and phosphorus on a composite of Samples S-529530, S-
531, S-61, S62, S-63-01, and S-63-02. It should be noted that Federa criteria do not exist for
phosphorus. A guidance level of 40 ng/L was used to screen for phosphorus in order to be
consistent with the project target goal for effluent. Laboratory results of the analysis are
included in Table 8-3. As the data shows, non-detectable concentration levels were reported for
metals, herbicides, and pesticides. Results for dissolved phosphorus show a concentration of 200
ny/L, indicating that the phosphorus has leached from the particulates. Thus, the data indicate
that disposal options for particulates may require consideration.

8.6.3 Chemical Precipitation/Microencapsulation

The microencapsulation technology was used to process supernatant from June 4, 2002 through
June 8, 2002. A total of seven trials were conducted using various dosages of ferric chloride,
sulfuric acid, and microencapsulating agent. The process flow rate was held constant at 10 gpm
[38 I/min]. Table 8-7 summarizes the process volume, treatment dosages, laboratory results for
influent and effluent target analytes, and in-situ pH measurements for each process trial.

Trials 1 through 7 had effluent TP concentrations that achieved the target goa of less than or
equal to 40 pg/L. The lowest TP concentration achieved during the processing was obtained
during Trials #1 and #6, with reported results of 19 pg/L. The Fe:P molar ratio for these trials
ranged from 131 to 261, and the sulfuric acid dosages (0.05% solution) ranged from O to 2.18
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mi/L. The total amount of microencapsulating agent used during the seven trials was
approximately 25 |bs [11.34 kg] (dry weight).’

The following notable observations were recorded during the pilot treatment trials:
No particulates were observed to pass through the settling module during processing trials.
Higher-than-expected chemical usage was necessary during processing.

Iron concentrations of processed effluent were higher (by an order of magnitude) than
concentrations reported for the influent.

In summary, the microencapsulation technology appeared to reduce supernatant phosphorus
concentrations to less than 40 pg/L.

Particulate Waste Characterization — Particul ate waste characterization included TCLP analysis
for metals, herbicides, and pesticides, and phosphorus. It should be noted that Federal criteria do
not exist for phosphorus. A guidance level of 40 ng/L was used to screen for phosphorus in
order to be consistent with the project target goal for effluent. Laboratory results of the analysis
are included in Table 8-3. Asthe data shows, nondetectable concentration levels were reported
for al analytes.

8.6.4 Quality Control

A total of 7 Quality Control (QC) samples were collected during pilot water treatment
processing, and included two field duplicates analyzed for TP, ortho P, TSS, and Feyt, one
MS/MSD analyzed for TP, and four field duplicates analyzed for water quality analytes (Table 8-
8).

" Daily consumption of the microencapsulating agent was not recorded.
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L ake Okeechobee Pilot Dredging Project

9.0 OBSERVATIONS& RECOMMENDATIONS

9.1 SEDIMENT CHARACTERIZATION
9.1.1 Physical Characterization

The targeted mud layer at the PDS was characterized by average bulk density of 1.20 g/cnt,
mean solids content of 21 percent by weight, and average total organic content of 37 percent by
weight (Table 4-1). Physical properties of the dredged slurry compare favorably with those of
the target mud layer (Table 5-8).

9.1.2 Chemical Characterization

Comparison of Lake Okeechobee sediment concentrations from the PDS to selected screening
values indicated that Threshold Effect Concentrations (TECs), Threshold Effect Levels (TELS),
and Effects Range — Low (ER- Ls) were exceeded for total cadmium and total mercury
concentrations regardless of the screening value source. Arsenic TELs and ER-Ls were
exceeded, however arsenic TECs (MacDonald et a., 2000) were not exceeded.

For mercury, both the TEL and the PEL value put forth by Smith et a. (1996) was exceeded.
Mercury TEC from MacDonald et a. (2000), mercury PEL from MacDonald et a. (1996) and
mercury ER-M from Long et al. (1995) were not exceeded at either of the two locations sampled.
Note that only total mercury was analyzed in all samples; no clean sampling or ultra trace
analyses was conducted for mercury or any of the other metals.

In addition, sediment concentrations were also compared to soil cleanup target levels (FAC 62-
777). Resultsindicated that except for arsenic, concentrations of the other constituents were
below the soil cleanup target level, where available.

Long and MacDonald (1998) published a perspective paper on the interpretation of sediment
screening values. Their recommendation was to use ER-M and PEL screening values to
establish quotients (measured concentrations/ER-M or PEL) as atool to rank sites from lowest
priority to highest priority. Using this as aranking tool places these sediments into the lowest
priority sites (Long and MacDonald 1998) (Table 4-4). The mean ER-M quotient was 0.15,
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dightly above the low to medium:-low priority cutoff of 0.1, and the mean PEL quotient was 0.3,
again just dightly above the low to medium:-low priority cutoff.

Only asingle Smith et al. (1996) TEL was exceeded (mercury), and the mean TEL quotient was
between 0.11 and 1.5 at 0.30 based on Smith et al. (1996) work. No freshwater sediment
consensus PECs were exceeded, and only cadmium and mercury TECs exceeded the maximum
measured concentrations. Similar to Smith et al. (1996) rankings, these sediments would fall
within the “medium-low priority” ranking. Similar ranks were found for the lake sediments
relative to MacDonald et al. (2000), MacDonald et al. (1996) and Long et al. (1995) screening
values.

Based on the above assessment, it was concluded that the metals detected in the sediments
collected from the PDS, while they are not in the lowest priority range, are of minimal concern
and should not pose a significant environmental risk.

9.2 OBSERVATIONSFROM ENVIRONMENTAL MONITORING
9.21 Water Quality Monitoring

Review of the in-lake water quality monitoring data indicated no significant difference in
water quality (selected nutrients and metals) between samples collected upstream and
downstream of the dredging area, as compared to the samples collected within the active
dredging zone.

Concentration of metals recorded in the water column were compared to FDEP' s water
quality criteria (FAC 62-302.400) for Class | surface water bodies. The comparison
indicated that except for one (out of four) iron values, which exceeded the criteria
(measurement of 3,230 ng/L compared to criteria of 3,000 ng/L), al other metal
concentrations were below the water quality criteriafor Class | water bodies.

Turbidity monitoring data indicated no significant impact on lake turbidity levels during
dredging. Turbidity values recorded before, during, and after dredging was completed did
not differ from each other significantly. The background lake turbidity levels were relatively
high (>50 NTU) and the operation of the SEDCUT® unit did not significantly increase water
column turbidity levels.

Final Report Dec 2002
92



L ake Okeechobee Pilot Dredging Project

Occasional spikes were observed in the turbidity measurements, however, it could not be
determined if the spikes were caused by movement of boats and/or equipment or the

SEDCUT® operations. No turbidity plume was observed during the monitoring.

Water quality monitoring for determining lake readiness of the effluent from the pilot water
treatment system indicated the PWTS effluent showed pH levels and iron concentrations
higher than project screening criteria.

None of the QA/QC samples indicated problems with sample collection, handling, or
analyses.

9.2.2 Hydrographic Surveys

The results of the hydrographic surveys indicate that measurements of the 30 cm [12 in] upper
layer of fluid mud, is extremely difficult to quantify. The surveys results were able to reveal the
presence of dredging lanes that were approximately 30 cm [12 in] deeper, however, they also
were able to revea to presence of heavy shoaling in the dredge areas, thus limiting their
usefulness. Because of the site conditions (heavy weather- wind and waves), characteristics of
the fluid mud (low bulk density), and the absence of a denser sand substrate, data from both the
multi-beam and dual frequency surveys were not able reveal the precise vertical dredge depths
nor the horizontal extend of the dredge area.

While a notable difference could be identified from the progress and post-dredge surveys, a
guantifiable interpretation as to the exact vertical depth and horizontal extent could not be
determined. The post-dredging survey, which was conducted two weeks after the pilot dredging
was completed, showed that majority of the dredged areas previously identified (by the progress
dredge survey) as being deeper than the surrounding area, werefilled in. The shoaling was noted
to be small in height but expansive in area. The nature and the magnitude of the shoaling could
not be determined.
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9.3 OBSERVATIONSFROM WATER TREATMENT

The polymer flocculation treatment technology yielded the following results for TP removal:

Influent TP Effluent TP

Date Trial # Volume Processed (gal) (my/L) My
5/30/02 1 2411 177 136
5/31/02 2 2612 177 87
6/1/02 3 1219 177 12
6/1/02 4 1460 177 17
6/2/02 5 1228 149 36
6/2/02 6 1183 149 14
6/3/02 7 1445 123 7

TP - Total Phosphorus

Based on the results summarized above for the polymer flocculation process, five out of

seven process trials met the project target reduction goal of 40 ng/L. During Trials 1 and 2,
lower dosages of ferric chloride were used during processing, and the target effluent TP

concentration was not achieved.

The microencapsul ation treatment technology yielded the following results for TP removal:

Date i VO'um?g:;Jcessed Influent TP (mg/L) | Effluent TP (mg/L)
6/5/02 1 1110 o7 19
6/5/02 2 1000 o7 2
6/6/02 3 1120 97 37
6/6/02 2 1020 o7 ey
617102 5 1130 145 %
617102 6 1160 145 19
6/8/02 7 1130 145 29

TP - Total Phosphorus

Based on the results summarized above for the microencapsulation process, seven out of

seven process trials achieved the project target reduction goal of 40 ng/L.
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Effluent pH values of less than 6 were frequently observed during the polymer flocculation
trials. Five out of seven trials failed to meet the project screening criterion for pH (range 6 —
8.5).

Particulates produced as a result of the polymer flocculation process were observed to be
light and difficult to settle.

Particulates produced as a result of the microencapsulation process were observed to be
denser than the polymer flocculation particul ates and settled more readily.

Polymer floccul ation particul ate waste characterization results for dissolved and total

phosphorus show leachable concentrations of 200 my/l and 600 ng/L, respectively. Thus,
disposal options for these particulates may require consideration.

Microencapsulation particulate waste characterization results indicated concentrations below
detection limits for all tested analytes.

Iron concentrations of processed effluent for both polymer flocculation and
microencapsulation technologies were higher (by an order of magnitude) than concentrations
reported for the influent. The concentrations reported for iron in the effluent samples fail to
meet the project screening criteria of 3000 mg/L.

94  SCALABILITY
9.4.1 Scalability Considerationsfor the SEDCUT® Dredge Head

Results from the pilot dredging field demonstration indicate that the SEDCUT® technol ogy Is
capable of sdlectively removing the Lake Okeechobee mud layer with little dilution water uptake
and minimal resuspension impacts to the surrounding area. It therefore merits serious
consideration as a viable option in the ongoing Lake restoration initiatives.

Previous studies have shown that this nutrient—laden mud layer serves as a permanent sink within
the Lake and continues to add phosphorus to the water column. While progress has been made
in controlling phosphorus-laden runoff into the lake from external sources, the Lake continues to
be eutrophic, in large part due to the existing mud layer. Unlessthis layer is removed (or
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otherwise dealt with through options such as chemical treatment, capping, etc.), lake recovery
will be significantly delayed.

For the inherent reasons associated with conventional hydraulic dredging operations (excessive
dilutionwater, resuspension impacts and low production efficiencies in removing thin layers of

mud from this type of environment), the SEDCUT® technol ogy offers true promise as aviable
restoration option for Lake Okeechobee.

The SEDCUT® technol ogy is based on three inherently scalable fundamental principals, namely:

1. Anintake visor (i.e. mouth opening height) that limits the amount of dilution water entrained
during dredging,

2. Buoyancy tanks that can control substrate contact pressure, so the dredge head can slide on a
selected substrate density plain, and

3. Mud gathering rates equal to or dlightly greater than dredge pumping rate.

All three of these design principles were tested during the field demonstration and were shown to
be effective, giving the technology an edge over the more conventiona hydraulic dredging
options.

9.4.2 Conceptual Approach for Large-scale Commercial Dredging in Lake Okeechobee

A conceptual approach is presented below for conducting large-scale commercial dredging in
Lake Okeechobee. This approach is based on the results from the pilot-scale field
demonstrations conducted by EA, and is aimed at removing up to 200 million cubic yards [153
million n?] of fluid muds from the lake over 10, 15 and 30-year period.

Daily and yearly production rates are forecasted based on the following assumptions:

1. 200 million cubic yards [153 million n?] of fluid muds from the lake.

2. The SEDCUT® dredging technology will produce dredge slurry containing 65% target mud
and 35% dilution water. (Note that this ratio was obtained at the dredge travel speed of 40
fpm — the maximum that could be attained by the pilot unit. Data shows that the percentage
of muds in the dredge slurry increases with travel speed and therefore it can be concluded
that higher travel speeds could potentially produce a higher percentage of sediments.
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3. Dredge operations will be run continuously (24 hours/day 7 days /week) with 15% allowance
for downtime.

4. Dredge slurry can be stored in an unlined containment facility.

5. Dilution water from the dredge slurry will separate from the dredge materia within 24 hours,
and can be directed offsite for treatment prior discharge back to Lake or to an off-site
location for aternative use.

Information on volume of muds to be removed and equipment requirements for different time
intervals is summarized in Table 9-1.

9.4.2.1 Full-scale Dredge Requirements

Increasing the production rate of the pilot dredge unit can be accomplished by increasing the
width of the SEDCUT® diding dredge head and adding more hydraulic pumps. The full-scale
dredge unit needed to pump 4,270 gpm [16,000 I/min] of dredge durry would be four times
larger than the pilot unit (24 ft [7.3 m] wide with four, 6 in [15 cm] pumps equally spaced along
the SEDCUT® dredge head). The variation of pump sizes and configurations can easily be
tailored to maximize efficiency for scalability purposes, assuming afairly fixed sediment layer
thickness, the pilot dredge unit can be linearly expanded to the desired capacity merely by adding
width and pumping capacity.

A magjor element of the cost of such dredging operations will involve the transport of the dredged
material to the shore (or island) treatment and disposal site. For this aspect of the operation,
there are many standard dredging techniques offering large economies of scale and reduced
susceptibility to wind and water surface conditions. A series of fixed pipelines—each serving
different segments of the Lake over the severa years of the dredging operation—could offer
much simpler and lower-cost transport and transfer operations, and much less weather and water-
depth vulnerability than were encountered in this pilot study.

In addition, the observed fact that the mud layer is thickest at the center of the Lake and of
negligible thickness as much as two miles from the shore on the perimeter, not only significantly
reduces the area required for dredging, but also suggests even more interesting possibilities. For
instance, it may be possible to only dredge the central (as an example) 10- mile diameter of the
Lake, and exploit the natural forces that concentrate the mud in the center of the Lake over time
to efficiently remove the magjority of this material in a multi- year program.
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9.4.2.2 Water Treatment Requirements

Both of the chemical treatment technol ogies implemented during the pilot project (FeCk (ferric
chloride) with polymer and FeCl with silica stabilization) were successful and were able to
demonstrate a reduction of P; below 40 ppb. In addition, the chemical treatment with FeCl and
polymer addition was able to show reductions of P; to levels below 10 ppb.

Based on the above estimates, production rates of the dredge slurry would be 6.1 MGD [23
million liters/day]. The durry would be comprised of 65% mud and 35% dilution water. For
forecast purposes, it is assumed that the dilution water collected in the dredge surry will be
directed to a separate water treatment plant (WTP) for potable water use or to the Aquifer
Storage and Recovery (ASR) wells for subsequent potable water supply, or returned directly to
the Lake. In any event, the dilution water volume, approximately 2.5 MGD [9.5 million
liters/day], can be removed from the dredge material upland storage area within 24 hours, thus
reducing the storage needs of the CDF(s).

Concentrations of the dredge slurry dilution water Pt levels after 24 hours of natural settling
ranged during the pilot test from 140-260 ppb, and discharge of this water without treatment
would require further research. While both of the chemical water trestment processes tested were
successful in reducing Pt concentration to below 40 ppb, full-scale operations must include
beneficia reuse of this water.

9.4.3 Conceptual Cost Estimate for Full-Scale Dredging Oper ations:

A rough order of magnitude cost estimate for the removal of 200 Million yd® [153 million nT] is
providein Table 9.2. Since the development of a preliminary conceptual cost estimate without a
developed conceptua plan is premature from a good engineering practice perspective, the costs
are based on the production rates observed during the pilot test and the historical data produced
by the USACOE for conventional hydraulic dredging. Dredging prices are assumed to be
comparable to the conventional hydraulic dredge prices produced by the USACOE, since the
SEDCUT® dredge head can be attached to conventional dredging equipment. However, higher
production rates and better than average dredging prices are anticipated with further optimization

of the SEDCUT® unit.
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For these purposes, the projected full scale SEDCUTP unit is antici pated to be four times larger
than the pilot unit used for this project. The full scale unit is assumed to operate 24 hours/day
with an 85% operating efficiency. Based on these operating conditions, 200 million yd® [153
million ] could be removed in 30 years at arate of 6.7 M yd®[5.1 million nT] per year. Thus,
two full scale units could complete the same volume in 15 years at Smilar unit rates.

Table 9.2 Cost Estimate for Full scale Operations

Task Units Cost Cost/yr 30 yr Total
Dredging 6,666,667 yd> $3.02/yd> 20.1 M 604 M
Land Disposal 3,333,333 yd?® $1.73lyd? 57M 173 M
Water Treatment 730 MGY $1,695/MG 1.2M 36M
TOTAL 27TM 813 M

Notes:

1. Dredging costs — Based on analysis of United States Corps of Engineers historical data (FY 01 Actual volume
of 255,000 cy [195,000 nt] @ $3.02/cy).

2. Water Treatment Costs — Based on analysis of RS Means Site Work (2002, historical water treatment cost
data and chemical supplier prices, 1,696/million gallons, MG)

3. Land Disposal Costs — Based on analysis of SFWMD project land value of $4,600/acre and a dewatered
sediment volume of 100 M yd® [76.5 million nt] (50% water volume).

9.4.4 Design Considerations for Water Treatment Process Scale-Up

Asisoften noted, it is difficult to correlate the results of a pilot trestment system with the
potential performance of a similar full-scale treatment system. However, the process of
gathering data and observing the behavior of the system does provide insight into future scale- up
design considerations. Following are observations, considerations, and recommendations:

Further testing, to assess the need for pH adjustment during chemical

precipitation/floccul ation to develop optimized chemical usage and to meet effluent
discharge criteria, is recommended.

Iron removal or reduction of the effluent should be investigated.

Process vessels were cleaned at the end of each day, and an accumulation of floc particulates
at the bottom of both T-7 and T-8 was observed. Providing hydraulic conditions that create
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full mixing and flow-through of these vessels to prevent particulate buildup should be a
consideration in the design of future pilot systems or full-scale systems.

The formation and settling dynamics of the particulates generated by the chemical

preci pitation/flocculation technology should be further investigated prior to full-scale
design, to determine an adequate means of particulate formation and removal.

The tube settler unit did enhance settling of the particul ates generated by the chemical

preci pitation/floccul ation technology, but it was not entirely effective. Tube settler unitsin a
full-scale system may be a viable, cost-effective option; however, more testing is
recommended.

Disposal options for particulates that are generated during processing should be investigated.
It is recommended that future pilot studies be implemented for extended periods of time, to
allow for field adjustments of equipment and chemical feed to optimize the performance of
the system.

95 PROJECT GOALSACHIEVED/PERFORMANCE EVALUATION

The primary objective of the pilot dredging project was to demonstrate effectiveness of an
innovative sediment dredging technology in removing the phosphorus laden mud sediment layer
from the bottom of Lake Okeechobee, and doing so with a minimal contribution to turbidity in
the in-lake water column. The SEDCUT® technol ogy was specially developed to achieve this
goal and field testing was conducted in Lake Okeechobee to determine efficacy of the specially
manufactured innovative dredge head.

Results indicated that SEDCUT® technol ogy was very successful in achieving the goals of the
project. Asshown previously, using a6 in [15 cm] mouth opening and travel rate of 40 fpm [12
m/min], the SEDCUT® dredge head successfully removed a dredge slurry containing 65% target
mud and 35% dilution water, which trandates into 93% removal efficiency when compared to
the predicted (theoretical) production rate (Table 5-4 and Figure 5-2). Comparison of predicted
versus actual production rates for the 6 in [15 cm] mouth opening versus the 8, 10, and 12 in [20,
25.4, and 30.5 cm] mouth openings showed that the unit performed most effectively at a6 in
mouth opening and travel rate of 40 fpm [12m/min].

Also, asindicated earlier, review of the turbidity data did not indicate any significant increase in
water column suspended solid levels that could be directly attributed to the operation of the
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dredge head. The lake waters are characterized by naturally high turbidity levels and no turbidity
plume was observed during the field demonstration.

In short, the SEDCUT® technol ogy is uniquely suited for conducting dredging under conditions
typical of the Lake Okeechobee sediment bed for the following proven reasons:

1. It successfully and efficiently removes the targeted mud layer with minimal resuspension of
solids.

2. Itisnot plagued by the limitations faced by conventional dredging techniques in removing
fluid mud sediments (see Section 9.5.1).

3. It minimizes the amount of dilution water that is produced during dredging thereby reducing
trestment and handling costs.

4. It can be used in shallow waters.

5. It can be easily scaled up for use in the larger areas of the lake where the sediments are
known to be concentrated.

6. Itisvery cost-effective since it is assembled using mostly off- the-shelf products.

9.5.1 Comparison of SEDCUT® with Conventional Dredging Techniques

Standard conventional dredging techniques, such as mechanical and hydraulic dredging, have
severa inherent limitations, which hamper their use for removal of fluid muds. The SEDCUT®
technology effectively overcomes all of these limitations. Common problems encountered when
using conventional techniques to remove fluid muds include the following:

1. Mechanical dredging using clams buckets, drag buckets, back hoes, etc.

A) Clam buckets (fully closing environmental designs)

Not efficient at capturing fluid muds as they tend to flow out of the closing bucket.
Relatively low production rates, especially with thin daylight cuts.

Resuspension problems from downward pressure wave of the descending bucket,
mechanical dislodgement of sediments as bucket |oads, bucket |eakage, washing of
sediments from external surfaces as bucket is raised through the water column, etc.
Need to transport dredged material by barge or have a separate hydraulic durry hopper
and associated pipeline system.
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Difficult to remove material following the density plane of a substrate.

Bucket loading tends to “craters’ the bottom, possibly resulting in over dredging.
Tends to leave material at the bottom with cut because of several reasons including:
material running out as bucket closes, run-in of surrounding material, difficulty in
overlapping bucket footprint patterns.

B) Drag buckets (conventional)

Difficult to control bucket loading pattern or depth of cut.

Severe resuspension problems with mechanical dislodgement and water flow from bucket
toe eroding capture material as well as some corsiderations listed for clam buckets.
Relatively low productive rates attempting to remove daylight materials.

Usually need to have additional equipment to transport material.

Bucket loading “ strip craters’ the bottom with excessive over dredging.

Difficult not to leave materia at the bottom of cut because material tends to run out as
bucket is pulled forward; run-in of surrounding material, impossibility to overlap bucket
cuts, etc.

Bucket tends to follow path of least resistance and trends to remove material in an arc of
pattern of “ditch-cuts.”

C) Back Hoes

Cannot capture fluid muds, material runs out of advancing bucket.

Need to have “roll of material” to advance bucket to capture material with bucket curl.
Relatively low production rates with day light cuts.

Resuspension problems are common.

Generally need to have additional equipment to transport materials.

Difficult to follow a substrate density plane.

Tends to leave material behind — from bucket run out and run in from surrounding
materials.
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2. Hydraulic Dredging

A) Cutter/Suction Dredges

Thin cuts (e.g. daylight cuts) allow excessive dilution water to enter the suction mouth,
yielding a very low solids content dredging slurry —i.e. 2-3 % solids by volume.
Relatively low production rates — because solids concentration by volume is very low.
Cross contamination is a common problem — resulting in a large volume of dilution water
requiring treatment.

Hard to follow a substrate density plane — dredge ladder mechanically held at a specific
depth.

Tends to leave material behind; advancing suction train allows surrounding material to
run into dredge cut.

B) Plain suction drag heads

Bottom entrenched drag head tends to remove substrate materials (i.e. over dredge).
Significant weight of drag arm and head does not allow unit to plane on alow bearing
capacity substrate (i.e. over dredge).

Drag head makes a series of swathe cuts when advanced by ship propulsion, making it
difficult to effectively overlap cuts, leaving material behind.

Dredge ships drag requirements precludes operations in shallow waters.

Dredging not continuous, need to transport and offload material after each dredging
period.

Final Report Dec 2002
9-14



L ake Okeechobee Pilot Dredging Project

96 RECOMMENDATIONS

1. Thedesign of the SEDCUT® technol ogy is inherently scalable for large-scale commercial
dredging, additional datais needed to confirm the true potential of this exciting new
technology. The implications of projecting from a prototype pilot dredge unit demonstration
to afull-scale unit that can potentially remove up to 200 million cubic yards [153 million
nt]*—an order of magnitude greater than any volume every dredged—are far reaching and
should be considered with caution. In addition, the pilot dredging project removed
sediments from only one location in the lake. It is therefore recommended that the

SEDCUT® technol ogy be further tested in the field at various locations in the Lake.

2. A demongtration project that will remove various mud thickness at variable water depths
from different locations in the Lake is recommended, to provide additional data to more
accurately forecast the cost and time necessary for evaluating a full-scale dredging operation.

1The total amount of fluid muds estimated to be present in Lake Okeechobee, as mentioned in the District RFP
C-11651.
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APPENDIX C

Field dredging operation photos
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Water quality analytical data

Final Report Dec 2002



APPENDIX E

Bathymetric Survey data
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APPENDIX F

As-built photos of the
Pilot water treatmentsystem
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MSDS for water treatment additives
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